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HYDROGEN DISCHARGE TUBE FOR ABSORPTION 
SPECTROSCOPY! 


Abstract 


inexpensive, easily assembled tube rugged construction described. All 
parts exposed the discharge are water cooled. The capillary with its water- 
cooling sheath the only glass part, self-contained unit and easy make. 
The tube has been operated without trouble over kw. input 1000 volts. 


The tube was designed for use with vacuum spectrograph, where mechan- 
ical soundness construction and high light intensity are required. The 
problems confronting the designer such discharge tube are well known 
(1, necessary cool the electrodes and the narrow tube* 
which the discharge constricted order obtain high current density. 
The cooling the latter presents serious problem the H-type tube 
which the horizontal arm the has join two large tubes carrying 
the electrodes, and the resulting system necessarily mechanically weak. 
long one restricted the traditional practice supporting all the 
parts the discharge tube glass envelope, one requires glass-work which 
fairly elaborate and expensive account taken its strength and probable 
life. 

was with the object eliminating unnecessary glass parts that the tube 
described was constructed, and tube this type has been operated 
successfully this laboratory the writers feel that useful give the 
details its construction. 


The main innovation tube construction that the water-cooled capillary 
self-contained unit which may made glass quartz desired, and 
which held the water-cooled hollow electrodes each end means 
rubber tubing not exposed the discharge. The electrodes themselves are 
rigidly connected with each other two ebonite strips, that the capillary 
has part determining the relative position the electrodes. Each 
electrode has hole drilled along its axis, one for the axial emission light 
through fluorite window waxed into the electrode, the other for connection 
pressure-stabilizing reservoir and the pump and hydrogen supply. 


received July 10, 1935. 
Contribution from the Physical Laboratory, McGill University, Montreal, Quebec, Canada, 
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*The narrow tube will referred hereinafter the capillary although the internal diameter 
that used this tube was 6.5 mm. 
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The details the construction 
the tube are shown Fig. The 
electrodes, AA, shaded diagonally, 
are aluminium alloy, heat treated 
for machining, and were turned from 
sections rod in. diameter. 
This metal was chosen the basis 
Lyman’s remarks the hydrogen 
spectrum (5, 89) and ease work- 
ing. The water jackets, BB, are 
brass tubing and are screwed into 
place means brass collars 
soldered one end each. The 
joints are made watertight with 
packing graphite and cord. Fixed 
the electrodes screws are two 
square brass plates, CC, attached 
which are the ebonite distance pieces 
indicated the dotted lines the 
figure. 

Thus all the metal parts are fixed 
together and the glass capillary hangs 
the rubber tubes DD, each 
which slips separate aluminium 
tube, GG, making sliding fit the 
electrode. The reason for using this 
method rather than having the pro- 
jection for the rubber tube part 
the electrode twofold; both the 
boring the electrode 
assembly the lamp are facilitated. 
The wax joints are sufficiently distant 
from the ends the capillary 
remove them from exposure the dis- 
charge; they are made with 
wax. The rubber tube takes 
any expansion the capillary and 
prevents complete circuit glass. 
sealed with tar. ensure that 
the water reaches the ends the 
capillary, deflectors, FF, thin 
copper are used. The capillary can 
silvered, desired, promote 
recombination the hydrogen. 
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The connection the pump and reservoir, etc., glass cone, fitting 
into the electrode and waxed place. The electrodes are heated for waxing 
passing steam into the water jackets. 

use this tube gives intense spectrum which has been photographed 
with the Hilger E50 vacuum grating spectrograph. The exposures are 
sec. with slit width 0.006 cm. and measured power 1.5 kw. 
far, the power input actually dissipated the tube 1500 volts has not 
exceeded 2.2 kw., but this order exposure satisfactory for the purpose 
hand, greater power The writers are therefore ignorant 
the breakdown limit the tube. Nevertheless, experience with fore- 
runner this apparatus makes them confident that much greater power can 
handled safely. 

this design the writers have wittingly given the freedom from 
tering inherent the type tube, but feel that the advantages gained 
with regard compactness and cooling the window, without having wax 
seal separating vacuum from water far outweigh this disadvantage. has 
been found indeed that the pressures which high light intensity ob- 
tained from the tube, the sputtering the window not serious, and even 
when necessary clean the window this not difficult operation. 
possible that the small amount sputtering observed would reduced 
changing the internal form the electrode (opposite the window) 
using small quartz cone, Kistiakowsky (3) did. 


conclusion the advantages this type tube may summarized 

All parts exposed the discharge are cooled compact water- 
cooling system. 

The tube cheap and rugged, and easily assembled. 

The water-cooled capillary independent unit which may altered 
length desired, the same electrodes being used. 

Light escapes from the lamp only along the axis. 

The lamp can sealed easily vacuum system without loss distance 
from the light source. 

wax seals separate water from the evacuated system, and all wax 
joints are far removed from the discharge and water-cooled. 

The window efficiently cooled and easily removed and replaced. 
held place washer and nut, that case fracture the water- 
cooled capillary not likely forced out. 
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PLOTTER FOR HIGH OBLIQUE AIR PHOTOGRAPHS! 


Abstract 


machine for plotting maps from high oblique air photographs has been 
developed under the direction the Associate Committee for Survey Research. 
designed for use mapping the small scales which meet ordinary 
Canadian requirements, and not intended compete with the more elaborate 
machines now use for large-scale mapping. 

short description the plotter given, and followed account 
two experiments, the first which was used produce contoured map 
method that involved establishing the position the camera exposure 
from control points fixed ground survey. the second experiment the 
planimetry typical area northern Canada was plotted, with control 
other than altimeter elevations the aircraft, and the elevation large lake. 
The time expended these experiments was recorded, but view the ex- 
perimental nature the work and the need shown for minor improvements 
the machine, these results are not true measure the efficiency that may 
developed practical mapping. 


Introduction 


For some years Canadian survey officials have been investigating the 
optical-mechanical plotting air photographs. The machines that have 
been developed Europe and whose principal application the production 
large-scale maps are inherently unsuitable for economically producing the 
small-scale maps chiefly demand this country. But there appears 
field for simpler devices, extending replacing the methods that have 
been practised the mapping considerable areas the Dominion (1). 

Two years ago Associate Committee Survey Research was formed 
under the aegis the National Research Council, which committee all 
Federal Government services interested survey were represented. The 
machine here described was first suggested Major Burns, and subsequently 
initial experiment the use plotting machines under the conditions govern- 
ing mapping Canada. 

Purpose 

The High Oblique Plotter simply mechanical solution the projective 
transformation single, inclined photographs which include the horizon 
the field view. adapted for measurements the horizontal and vertical 
angles which objects the field subtend from the exposure point, and can 
applied the resection space the camera station (exposure point, 
perspective centre). the same detail visible two photographs, the 
goniometric measurements can used extend control into inaccessible 
areas. The machine will also plot the position detail, such the shores 
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lakes, streams, roads, etc., the ground plane sufficiently horizontal 
for errors arising from elevation differences disregarded. There are 
large areas Canada where this can done mapping the 1/253,440 
scale. 


Description 
Principle 
Fig. shows the elements which the design the machine depends. 
the lens the camera height above the ground, and section 
the negative, perpendicular the line through the principal 


point the angle depression the photograph from true horizon- 
tality. QMP horizontal line the ground. positives are being 
seen that the distances and are proportional and and, 
generally, that lines through and points the photograph will intersect 


relative positions the homologous points the ground. 


Most, not all, photogrammetric plotting machines the direct observa- 
tion type embody (i) telescope means which the direction perspec- 
tive ray may re-established space observing oriented 
photograph, and (ii) space rod, coupled the telescope and/or photograph 
such way that the telescope directed upon image the space rod 
tracer which plots the corresponding ground plan the 
point. 

this particular instrument the operation simple, that the telescope 
and space rod are connected parallelogram linkage remain always 
parallel each other, while both follow the direction the perspective rays. 
The intersection the axis the space rod horizontal plane will, there- 
fore, the ground plan the point whose image the telescope directed. 
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Construction 

The plotter shown diagrammatically Fig. and photographs are 
rotating ball-bearing pivot and constrained ball-bearing journal 
the telescope, movable about horizontal axis intersecting and 


rotating with the space rod, movable about horizontai 
axis intersecting and rotating with The link completes 
the parallelogram, operates nut The space rod passes through sleeve 
pivoted the nut. 

The fastened clips platten, adjustable permit the 
angle tilt, and the vertical and horizuntal components the known princi- 
pal distance set, the last two reference the axisat Similarly the 
height the slide carrying the screw and the sleeve adjustable, 
permitting the distance set correctly for the desired scale plotting. 
Scales and verniers are provided for the control these adjustments. 


easily seen that the telescope directed the image point 
correctly set photograph flat horizontal terrain, the intersection the 
axes and HGK will the ground plan the point the scale set. For 
convenience this point intersection projected mechanically the base 
the plotter, where pencil marks the position the point being observed. 
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Two views the High Oblique Plotter. 
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operation the observer controls two handwheels, and moves 
the nut and sleeve horizontally, while rotates the parallelogram, slide, 
etc., about the axis AB, through the medium worm wheel and pinion 
and sector. Cork inserts the base permit paper tracing cloth held 
position. Graduated circles and are fitted measure vertical 
and horizontal angles subtended points imaged the photograph. 

Some consideration was given the adoption the Porro principle (2, 
152), but the angular errors due lens distortion were computed 
less than one minute, except near the edges, the simple telescope was adopted. 
With the low power used (about very little focusing required. 

Errors due film and paper shrinkage, often different the horizontal 
and vertical directions, may more serious, but adjustment the photo- 
graph carrier the equivalent principal distance the important direction 
most the trouble can avoided. For example, when horizontal angles 
are required for resection, the principal distance adjusted according the 
shrinkage factor the long dimension the photograph. 

When the machine was constructed jig was made for setting the principal 
point the centre the platten and the same time bringing the image 
the horizon horizontality. This jig may seen Fig. position for 
adjusting the air photograph. Subsequent experience with the plotter 
showed that the setting could controlled equally well, and more quickly, 
with the aid the telescope; consequently the jig was discarded. 


Improvements 


While the machine expectations precision and general facility 
operation, the initial experiments described below indicated the desirability 
some improvements which hoped incorporate before further experi- 
ments are made. 


Goniometry. The measurement depression angles too slow, and would 
expedited the telescope were made that could uncoupled from 
the link and provided with clamp and tangent screw equivalent device. 
Azimuth angles can set quickly operating the handwheel 


Adjustment for scale plotting. screw should provided that the 
scale setting for the height the slide can more readily effected. 


Scales. For convenience all scales should readable from one side the 
machine and provided with magnifiers. 


Photograph carrier. The photograph carrier was designed with view the 
simplest construction possible. Experience has shown that more elaborate 
carrier would desirable. proposed retain the present carrier for 
pictures other than in. principal distance and construct new carrier 
for this distance, the main use the machine will with 8-in. photographs. 
The proposed carrier will supported from two vertical arms the main 
yoke frame the machine, the angle tilt will set directly about axis 
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intersecting (Fig. and the principal distance will also set directly. 
special feature the proposed carrier table rotating about the principal 
point, permitting radial (position swing) angles observed. Angles 
subtended the principal point are special significance the calibration 
tri-camera sets for oblique photography and the radial line method 
plotting vertical photographs. This swing adjustment will also facilitate 
the setting the photograph relative the horizontal. also suggested 
that the new carrier made with glass centre, permitting the observation 
films and transparencies the machine. 


Experiments with the High Oblique Plotter 


Two experiments which maps were produced with the aid the plotter 
were conducted the Geographical Section, General Staff, Department 
National Defence, Ottawa. description these follows. 


First EXPERIMENT: MEACH AREA 


The first experiment carried out was the contouring piece hilly 
country near Ottawa. The map produced shown Fig. which also 
indicates the system photography. Pairs stereo obliques were taken 
intervals about one mile, right angles the flight line, which was 
parallel Meach Lake—Old Chelsea. Every fifth photograph was taken 
45° the line flight, give intersections for position. camera used 
was Williamson Eagle II, 8.29 in. (f). was carried 
mount, which for the map maker’s purpose had the disadvantage that 
the long side the photograph was vertical, thus giving narrower angle 
for resection the exposure position. 

Primary control consisted traversed and leveled road the foreground, 
and number points the background (five eight miles distant) con- 
sisting road corners, etc., the plain lying the other side the hill 
ridges. 

The first step was select the points that would needed control for 
contouring under stereoscopic examination, and mark them three photo- 
graphs, including one taken 45°. 

The photographs were then set the plotter, the angle tilt having been 
computed from the visible horizon. Readings vertical and horizontal 
angles were taken control points, usually least four, one pair the fore- 
ground and one pair the background. The directions these points were 
plotted the machine tracing paper, which was used for resection the 
plumb point. The height the aircraft was then computed from the vertical 
angles the control points, and the horizontal distances. Usually small 
errors tilt and swing setting were disclosed, which allowed the necessary 
corrections simply computed. Captain Crone, R.E., the Survey 
India (4) and Mr. Miller the American Geographical Society (3) 
have both furnished solutions for this problem. The photograph was reset, 
accordance with the corrected tilt and swing, and check readings were taken 
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the control points. When the heights the exposure point recalculated 
showed satisfactory agreement, vertical and horizontal angles were measured 
all the contouring control points which had been marked the photograph. 
The points were also plotted piece tracing paper the machine, but 
their heights were unknown, these plotted positions gave directions from 
the plumb point only. 

When several photographs had been measured this way, the plots 
tracing paper were laid down the control sheet, which the photograph 
plumb points had already been marked, and the intersection the rays the 
height control points gave their plan positions. The heights the points were 
then computed from three photographs. Agreement the three values showed 
whether there were any serious errors the operation. 


points had been heighted, the photographs were contoured 
under stereoscope. may mentioned that stereo obliques, owing 
their necessarily smaller bases, provide impression relief much inferior 
comparison the usual verticals; this resulted the interpolated contours 
being considerably poorer than the contouring would have been vertical 
photographs with the same number spot heights. The final step was plot 
detail and contours each photograph the machine, and compile these 
plots the sheet. 


Methods Checking and Results 

The finished map was checked fixing hilltops and other prominent detail 
plane table intersection and heighting Indian also traverse 
with batteries aneroid barometers, corrected stationary barometer 
readings. 

was soon apparent that the heights the control points fixed from the 
photographs were quite good, but that the height representation contours 
areas where there were spot heights was less checking, 
was not easy identify positively the ground the points which had been 
heighted from the air, which might, for instance, distinctive trees, etc. 
However, some forty points were identified and checked, and the results 
showed that the ‘‘probable the method was +15.6 ft. number 
other points, few hundred yards from the photograph control points, 
were heighted, and the heights compared with contours. 
The results this series combined with the first showed 
+25.6 ft., the large increase being due two errors over 100 ft. 


The object the experiment was provide method contouring 
100 ft. interval from oblique photographs, suitable for limited area. 
far accuracy concerned, this object could said attained, the 
resulting map being about the same standard those similar country 
done ground methods. regards the time required, the result was less 
satisfactory, about twenty days having been needed for the work, which 
covered only sq. miles; considerably longer than would take done 
plane table. course, was the first attempt with the method, and 
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probable that, with certain minor improvements the machine and with 
further experience, the time might cut down 
more, more useful results might obtained more mountainous country, 
where the relief would run several thousand feet, instead some eight 
hundred, the Meach Lake area. 


is, however, clear that method detailed plotting and contouring 
hilly country from single photographs, which points have identified 
separately, will able compete economy and accuracy with stereoscopic 
methods. And furthermore, probable that vertical photographs taken 
with multi-lens cameras will largely supplant the high oblique for small-scale 
mapping Canada. But there may remain certain uses for oblique photo- 
graphy obtaining spot heights inaccessible country. 


Captain Crone (4) has developed method dealing with the case where 
some comparatively distant control points for the photographs, inaccessible 
territory, can obtained instrumental intersection from the ground. 
But maps might required areas where such distant instrumental control 
would not possible,—as when ridge interposed between accessible territory 
and the ground was desired map. such case, might feasible 
use method employing obliques, taken simultaneously with three coupled 
cameras, similar the following. 


Coupled oblique photographs are taken Fig. that the area each set 
covers lies partly accessible territory and partly inaccessible territory. 
The control points accessible 

territory would permit the re- 
section the exposure position, 

and also enable the tilt the 

triple photograph computed 

the directions parallel to, and 
rightangles to, the 
Rays could then projected 

suitable points for 
control the inaccessible terri- 
tory. principle, the rays pro- 
jected the unknown points 
should balanced rays 


equal length projected known 
points. 
The accuracy attainable with 
this type aerial triangulation 
Fic. would depend various factors 


limits accuracy the gonio- 
meter; the distortion photographic materials; resolving power the lens 
and emulsion; the visibility when the photograph was taken; 
character the object chosen for intersection, considered target. 
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Experiments this type control extension into inaccessible country are 
being put hand intended only fix minimum control 
points this means, planimetry and relief detail being filled from stereo 
verticals. 


SECOND SLAVE LAKE 


The coupling three cameras has provided the means for 
the plotting oblique photography. Previously the three photographs 
were taken rapid succession with the same camera; they had, therefore, 
separate exposure points, though the planimetry plotted from them could 
tied together through the overlap sufficient degree accuracy*. Direc- 
tion the series was maintained azimuth lines passing nearly possible 
through the plumb points the centre pictures and continued from one 
picture another. 


Now, however, the three coupled cameras are exposed the same time, and 
hence have common exposure point. They can also calibrated that 
the angular relations their optical axes are known. The result that 
one may plot sector ground covering about 165° plan and extending 
the limits visibility, were all one photograph. With this 
wide angle view, given suitable control, strong resections may made. 
And with several parallel lines photographs, system resection and inter- 
section may worked, give good aerial triangulation, manner 
similar the radial line method with verticals. 


are each triple photographs resected from this control the rays shown 
dotted lines. Then intersected froma, band a’, and 
are then resected from the points already established, and and 
intersected, and on. 


*For details plotting methods see Reference (1) 
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will seen that such triangulation can give accurate results (within 
the limitations graphical methods) despite differences elevation the 
ground being mapped. This would considerable advance the original 
high oblique method, where has assumed that the ground being mapped 
horizontal plane. When was not horizontal plane, scale and position 
errors arose. 

plotting country where elevations differ any great extent, would 
necessary intersect all detail, order fix its position correctly. But 
Canadian practice, where detail consists mostly lakes and rivers, the 
drainage gives clues levels which enable the detail adjusted its 
proper position without such multitude intersections. 

experiment this method, area the east end Great Slave 
Lake was plotted with the High Oblique Plotter. Conditions were not the 
ideal ones shown the diagram; the lines photographs were, speak, 
echelon, instead being abreast one another. suitable control was 
not available, the plot was started working along the shore Great Slave 
Lake, and using the points fixed for subsequent resection the inland 
photographs. 

Some 325 sq. miles all were plotted, and far possible judge 
without check the ground, the method suggested above practicable 
one. The resulting plot shown Fig. was found that certain alter- 
ations the machine (as already mentioned) would desirable, order 
increase speed and accuracy working; but, essentials, the apparatus 
will what was expected it. Resections and intersections fitted well, and 
the shapes features were accurately rendered plotting, the latter fact 
being proved the agreement plots the same feature from different 
photographs. 

The production map could, estimated, carried out rate 
about three square miles per working hour. The actual plotting detail 
single photograph, which usually covers about six square miles, takes 
about thirty forty-five minutes, including setting the photograph. 
considerably easier plot distant features than with the perspective grids, 
and the result more accurate. 
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DIRECTION FINDING 


HENDERSON? 


Abstract 
The results one summer’s observation with cathode ray direction finder 
and automatic recorder locate the bearings atmospherics are given and 
discussed. 
appears that storm areas areas low barometric pressure are responsible 
for many the observed atmospherics. The feasibility utilizing the method 
means weather forecasting suggested. 

The important and deleterious influence atmospherics upon radio signals 
has been recognized since the earliest days wireless communication, and 
late considerable attention has been paid the meteorological conditions 
that appear influence their origin and behavior. One method attacking 
the problem, developed principally the Radio Research Board Great 
Britain, has been study the individual atmospheric. Amongst other 
properties examined the azimuthal bearing each atmospheric has been 
observed and recorded simultaneously two stations separated long 
distance the earth’s surface. thus possible state the point 
origin each atmospheric after making reasonable assumptions regarding 
its propagation. Hence determining the points origin large number 
atmospherics, statistical examination can made any correlations 
that may exist between the source and local general weather conditions. 

Prompted largely the success the work Great Britain, was decided 
carry out preliminary observations with similar direction finder acquire 
some experience local weather conditions, and determine the value 
establishing two such stations Canada. 


Apparatus 


(a) Cathode Ray Direction Finder 


The apparatus used was designed and constructed the Radio Research 
Board Great Britain and duplicate the apparatus use there. The 
cathode ray direction finder, which the instantaneous reading instrument 
used determine the bearings individual atmospherics, has been adequately 
described (6). The principle its operation briefly follows: Two frame 
aerials are mounted with their planes vertical and oriented one north- 
south direction and one east-west direction and adjusted that the 
loops are electrically, well geometrically, right angles each other, 
ensure that there mutual effect one loop the other. in- 
coming signal makes angle with the meridian, the voltage the frames 
the two frames are amplified two identical amplifiers having equal gains 
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and imposing equal phase displacements the incoming signal, that the 
ratio the outputs the two receivers identical with the ratio the 
input. The signal from the north-south frame, after amplification, im- 
pressed the vertical deflecting plates cathode ray oscillograph, and 
the signal from the east-west frame impressed the horizontal deflecting 
plates the oscillograph. The oscillograph spot will thus deflected 
direction making the same angle with vertical deflection that the original 
signal makes with the north-south meridian, namely, degrees. The receivers 
are superheterodynes and the beat oscillator common the two units, this 
being necessity phase relations are preserved. test signal can 
injected into the frames check the equality the amplifiers. gain 
can altered over wide range, and adjustment ensure phase equality 
all gains provided. The face the cathode ray tube can calibrated 
that each deflection indicates the bearing atmospheric instantaneously. 
protrator circle, drawn the oscillograph tube, marked 10° intervals 
impressing voltages whose magnitudes are proportional sin and 
cos 10° steps, from special potentiometer, and the instrument can 
thus used for direct reading visual observations. 


The observational procedure adjust the receivers some suitable 
value amplification determined the frequency the atmospherics and 
photograph them they appear the cathode ray tube. lens focuses 
the spot moving film that the record series lines various 
angles indicating directly the bearing the atmospheric (see Fig. the 


Fic. C.R.D.F. Record. 


reproduction lacks much the contrast obtainable when the film projected), 
the zero position the spot being masked, the north-south deflections 
would not otherwise show the record. The film having been run down- 
wards for about minute, moved transversely and run upwards. Three 
four traces can obtained this way, resulting considerable economy 
film. more than one observing station being used, then exact syn- 
chronism observation essential, but for the single station observations 
here discussed, suffices make the observations daily about noon. 
The observations suffer from the usual 180° ambiguity other direction 
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finders, and from the customary site errors and propagational errors any 
direction finder, although the last two are minimized the very long wave- 
length used (30,000 metres). 


(b) Recorder 

Supplementing these determinations individual atmospherics, auto- 
matic recorder, also constructed for the author the Radio Research Board 
Great Britain, was used give indication the predominant direction 
arrival atmospherics, and follow the movements the major source, 
sources. this instrument two frame aerials are arranged 90° apart, 
with their planes vertical and that they can both rotate about the same 
vertical axis. The loops are turned clockwork motor rate four 
revolutions per hour. The signals induced these frames are amplified 
through two similar amplifiers. The pen mechanical oscillograph moves 
and down and makes trace piece paper placed over drum. 
This drum driven synchronously with the rotating frames, and for each 
rotation travels small distance axially downwards, that the trace the 
pen undisturbed would spiral traced the paper. The pitch such 
that the lines are nearly parallel the bottom edge the paper when 
removed from the drum. 

The signals from one amplifier, called the opposing set, move the pen 
downwards; those frum the other, the recording set, move the pen upwards. 
stop fitted inhibit motion the pen downwards and the resultant 
combination gives direction finder that will accept signals only over narrow 
sector. remove the usual ambiguity 180° the signal from vertical 
aerial added that the recording frame, making due allowance for the 
phase shift 90° required, thus giving the familiar cardioid diagram type 
response. The net result unambiguous direction finder accepting signals 
over about 40°. The charts are changed daily and little attention required. 


Results 


Preliminary tests October, 1933, having shown that the main laboratory 
the National Research Council was unsuitable location for the direction 
finders, they were installed during the early part January, 1934, two 
field huts Rockcliffe Aerodrome, about six miles outside Ottawa. Although 
this site not ideal one, was the only place available the time. 
few observations were made during the winter but was found impossible 
start regular work until the middle May. 

During the period May August attempt was made take daily 
observations, Sundays excepted, approximately eleven the 
morning (Eastern Standard Time). Observations were made the 
working days, and some favorable occasions possible deduce the 
sense the C.R.D.F* observations from examination the recorder charts. 
Unfortunately this definitely possible for only the days. 


*This abbreviation used throughout for cathode ray direction finder. 
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The atmospherics were photographed for four minutes. With the ampli- 
fication customarily employed this provided large number data, the reduc- 
tion which rather laborious, the film must projected and the 
bearing each atmospheric determined separately. Although the time 
observation may appear short, felt that was long enough give 
good idea the predominant conditions existing 11.00 a.m. each day, 
and hence, compare conditions they exist from day day. 

rule the bearings found can grouped around half dozen directions 
with dispersion only few degrees. These turn generally resolve them- 
selves into one two principal directions that are more less mean value 
for much larger dispersion readings. The departure individual values 
from these principal directions may large (about 15°) but, because observa- 
tions from only one station are available, thought better consider 
these rough averages, rather than attempt present deal with the more 
sharply defined directions, each consisting much smaller number 
observations. The sense the principal direction can given only 
limited number cases. 

These principal directions can plotted map* and the indications com- 
pared with the general weather conditions. When this done found that 
the directions usually pass through, close to, low pressure area. Often 
when two principal directions are found they both point the edges such 
region, such that the low were circle, the lines would two tangents 
this circle from Ottawa. 

example seen Fig. which shows the results for June 27, 1934. 
this case the principal directions have simply been drawn roughly 
weather map illustrate the point. Obviously great circles are not straight 
lines such projection this one, but the method good enough for 
pictorial representation what happening. The sense the more prom- 
inent source, judging from the number atmospherics and the recorder chart, 
indicated the arrow and points the Lake Erie region. 
Numerous thunderstorms are indicated the map for this locality, that 
the storms are undoubtedly the points origin the disturbances. this 
case the second direction drawn the map not easily interpretable, 
number possibilities might taken, but the weather map for the following 
day shows thunderstorms the vicinity Cochrane, that probably 
northwesterly. 

second example shown Fig. Here the principal direction points 
the edge low, which would lead one expect the area moving 
with this the leading edge, because this frequently the case. Actually 
the low was moving the direction shown the arrow the top the 
page. 

Table gives the results synoptic form for the period under review. The 
bearings are given Column and the area that appears associated 
with the atmospherics indicated Column together with approximate 


*Daily weather map prepared Dominion Meteorological Service. 
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TABLE 
OBSERVATIONS 
Date Obs. Azimuth Probable source of atmospherics 
May 
25 a 5 Low, moving north with thunderstorm (Norfolk, Va.) 
26 a 35° Low, moving north 
28 a 155°Pi; 75°P: (Low moving W. by N.)P: (?)P2 
30 a 165°Pi; 35°P2 Lows and thunderstorm 
31 a 132°P:; 60°P2 (Advancing low) Pi; (Low, centre of ) Pz 
June 
165° Seems to be high or edge of moving low. Doubtful 
_ Directions scattered. Low centered over Ottawa 
65° (Thunderstorm and low edge), same direction 180° low 
65°P1; 160°P2 (Thunderstorm, Lake Erie) Pi, many small X's; Local thunderstorm 
115° Low edge—NotE: High centered over Ottawa 
Local tunderstorm 
105° (Low centre, near Duluth, and thunderstorm) P 
Many thunderstorms shown over Great Lakes area 
10 M _ 
11 120°P:; 90°P2 (Between two lows)P:. (Low edges) P: and P3 
(This low moving east towards Ottawa, directions to two ad- 
vancing sides same area) 
13 130°P:; 85°P: Local thunderstorms and low over Ottawa 
(Low (Low centre) 
14 a 105°P; 20°P: Low edge 
15 @ 85° (Low near Nova Scotia) or (Thunderstorms near Kansas City and 
North Platte) 
16 a 107°Pi; 20°P2 (Low edges and thunderstorms) or (Low centre) 
17 M 
18 a 40°P2; 135°P1 (Low and low edge) or (two high centres) 
19 a 55°Pi; 110°P2 (Low edges) 
20 N.B. 160° Runs between high and low area—doubtful 
21 55° Local thunderstorms, low centre near Ottawa; (Lakes Ontario 
and Erie)P:; thunderstorms prevalent on Lower Lakes 
22 Recorder points to low edge 
23 No. C.R.D.F. Recorder points to high centre but low and thunder- 
storms at 180° away 
25 75°Pi; 115°P2 (Low and thunderstorms)P:; (Through high to low edge and 
thunderstorms) Pz 
26 135°Pi; 75°P2 (Rainy regions near Boston) P:1; (Low edge near Erie or low edge 
near Anticosti) Ps 
28 45°P1; 145°P2 (Vicinity N.Y. City; thunderstorms near Norfolk) P 
(Low or Lake Erie) Ps 
135°Py (Thunderstorms, near Duluth) Pz; (Thunderstorms near Boston) 
75° Low over Newfoundland 
july 
1 N.B 65°Pz; 145°Py (Lake Erie) Pz (N.Y.City, thunderstorm near Norfolk) Pi 


(directions + 180° point to edges of one low) doubtful 


(Low edge or Boston and rain)—A few thunderstorms reported 


elsewhere 
(Thunderstorm, N.Y. (Thunderstorm, Boston) 


135° 


55°P1; 165°P2; 105°Ps 


naw 


155° 
and 45°P2 
80°Pi; 135°P2 


(Thunderstorm, Lower St. Lawrence) Ps 


Low edge 


(Low edge, distant) Pi; (Thunderstorms over Lake Erie) Ps 


Low edges 


i- 


r- 


HENDERSON: DIRECTION FINDING ATMOSPHERICS 


TABLE I—Concluded 


SuMMARY—C.R.D.F. OBSERVATIONS 


Date Obs. Azimuth Probable source atmospherics 
9 65°P:; 170°P2 (Lake Erie; rainy)P: (N.Y. City, rainy) P: 
10 Possibly 170°P2 Directions varied, possibly low 
N.B 125° (Distant low.) Misses many thunderstorms Lakes Ontario 
and Erie 
12 170° (Distant low). Misses many thunderstorms on Lower Lakes 
(Local thunderstorms predicted both July 11 and 12) 
14 145°P;; 55°P2; 15°Ps (Low, Norfolk) P:; (Thunderstorm, Lake Erie) P2; (Low edge) Ps 
15 55°Pi; 145°P2 (Low off coast N.Y.)P: (Gulf of St. Lawrence thunderstorms 
near Cape Breton Island and low centered north of Gulf; but 
same directions + 180° Lower Lakes and thunderstorms) P: 
16 95°P1; 165°P2 (Thunderstorms in Maritimes)P: (?)P: 
17 a 75°Pi; 135°P2; 20°Ps (Thunderstorms over P.E.I.) Pi 
(Thunderstorms near Norfolk) P2; (?) Ps 
18 a S°Pi; 105°P2 (155°Ps) (Norfolk, rainy, edge of high) P:; (Thunderstorms, St. Paul, Wis., 
or low edge, N.S.) P: 
19 125°Pi; 5°P2 Thunderstorm and low, Port Arthur, Ont. 
20 65°Pi; 15°P2 (Thunderstorm, Lake Erie)P:; (thunderstorms in Laurentians, 
north Quebec City) 
21 165°P1; 55°P2 (Low near Detroit) Pi; (N.Y. and rain) Pz 
23 a 155° (Low near Norfolk) or high 
24 a 95°Pi; 145°P2 (Through high to receding low) P:; (Advancing low) Ps 
25 a 155°P1; 75°P2 (Advancing low of 24/7/34)P: (?)P: 
29 a 145°P,; 35°P2 (Edge of low)P: and P2 or (N.Y. City, rain)P:; (Atlanta, Ga., 
thunderstorm) P: 
30 a 20°P:; 140°P2 Low centered over Great Lakes. P: and P: probably to edges of 
this low 
31 a 145° (Thunderstorms and low) 
Aug. 
1 a 145°Pi; 25°P2 (Thunderstorms near N.Y. City)P:; (low)P:, probably 
2 a 135°P, (Low) P:; (Thunderstorms over Lake Superior, low centre) P: 
3 a 65°P; and 155°P2 (Thunderstorms, Lake Erie)P: (Thunderstorm, N.Y. City)Ps 
and (Lake Erie St. Lawrence and (Low, James 
7 a 65°P; and 145°P, (Low)P: (Low, James Bay)P: (Probable) 


Note: Column observations missing. ain Column ambiguous directions 


180°—no sense. 
Where two principal directions and were found, the locations the corresponding 


sources are shown (Source (Source 
When one direction only given for the ambiguous cases, only the more probable direction 


indication its position. When more than one principal direction was 
observed the probable source each indicated, the various directions being 
differentiated suffixes, Ps, etc. (The numerical incidences one 
two days being about equal from two sources, they are simply called 
and P,.) When alternative source indicated for given direction this 
refers the direction observed 180°, and for these cases the first source 
given considered the more probable. 
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will seen from Table that the sources the electrical disturbances 
are apparently located thunderstorm low pressure areas. well 
known that thunderstorms produce atmospherics, and lightning considered 
many workers their only source. There nothing the present 
series observations contradict this viewpoint, for there may have been 
unreported thunderstorms present. Again quite possible that there 
may have been invisible electrical discharges occurring areas where thunder- 
storms were not fully developed, yet which were sufficient intensity 
cause severe interference radio receiver. one assumes that these lows 
thunderstorms are the sources atmospherics, then the correlation shown 
Table very high. 


one assumes that high pressure areas, rather than low, were associated 
with the sources atmospherics, then much less satisfactory correlation 
obtained. fact, these observations fail point thunderstorms 
lows only three instances. two consecutive days the directions, although 
pointing distant low area the northwest, show little indication very 
much disturbed conditions over the Lower Lakes, where many thunderstorms 
were reported. is, course, quite conceivable that local storm occurred, 
though not indicated the map. This would mask the true predominant 
direction. (Local storms were fact predicted over wide areas for both 
days, July and 12.) the third occasion the sense, found from the 
recorder, exactly opposite what one would expect (June 23). 


the lack correlation for the two days due local thunderstorms, 
then the method obviously one considerable promise, and the work should 
continued with least two stations and preferably network stations 
over the whole continent. Stations at, say, Ottawa, Winnipeg, and possibly 
somewhere around Kansas City would give very good idea conditions 
over the inland portions the continent, and would strategically placed 
observe the conditions around the Great Lakes. 


Discussion 


The C.R.D.F. used for these experiments capable considerable accuracy, 
this being about for individual deflections the order three centi- 
metres the oscillograph tube, decreasing slightly with decreasing deflection 
the spot. account was taken the site errors the direction finder, 
but these would have determined any more extensive program. 


Rectilinear propagation tacitly assumed for all the electromagnetic dis- 
turbances, but when the incoming atmospheric has abnormal component 
polarization will appear ellipse the tube. These elliptical patterns 
were ignored the present work, and believed that the results are not 
appreciably affected doing, only about 15% the traces the 
total number atmospherics observed are not straight lines. 
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The errors due abnormally polarized components are discussed Munro, 
Webster and Higgs (4), and, although they show from theoretical considera- 
tions that very large errors bearing are possible, they consider that their 
results (obtained using two stations locate the source) are not error 
more than for distances exceeding 200 km. Less distant sources can 
give rise greater errors but the author inclined the opinion that this 
not such serious matter, because the greatest advantage the 
meteorological instrument its ability give some indication conditions 
over large, sparsely populated land areas over sea areas, along the coast 
line, where meteorological information meagre non-existent. 


locate source triangulation is, course, essential have 
least two stations observing simultaneously, and would greatly facilitate 
interpretation the results the sense the bearing were indicated. Inas- 
much only one station was used the present series experiments are 
handicapped estimating the true location the source, but where two- 
station observations have been made, viz., Great Britain (5, 6), Australia 
(3, 4), and the United States (1, 2), the results indicate that the foregoing 
locations the sources are reasonable and correct. 


around the Gulf Mexico the U.S. Navy and the Universities 
Puerto Rico and Florida, for the purpose locating hurricane areas. The 
success the British and Australian results with C.R.D.F. observations 
lends very strong support the viewpoint that network such stations 
Canada would use aid weather forecasting, particularly 
the unsettled northern districts off the Atlantic and Pacific coasts. Probably 
six stations would ultimately required, but second station present 
should enable the value the method properly estimated. The im- 
portance exact knowledge weather conditions the various air services 
the country obvious, and the cathode ray direction finder appears 
useful aid the meteorological services. hoped that will 
possible continue the work the near future. 
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STUDIES LIGNIN AND RELATED COMPOUNDS 


XVI. PHENOL LIGNIN FROM SPRUCE WOOD, FROM FREUDENBERG SPRUCE 
LIGNIN AND WILLSTATTER SPRUCE LIGNIN! 


IRENE KOERBER BUCKLAND’, FRITZ AND HAROLD HIBBERT* 


Abstract 


The condensation lignin with phenol treatment spruce wood meal 
with this solvent, using hydrogen chloride catalyst, yields two chemically 
different phenol lignins, namely, ether-insoluble and 
soluble phenol lignin, ratio approximately Duplicate preparations 
gave the same yields these two fractions, analyses which gave concordant 
results, indicating homogeneity and constancy composition. 

The analytical results the ether-insoluble phenol lignin, and its methylated 
and acetylated derivatives, can interpreted the basis the Brauns—Hibbert 
formula for the lignin unit. found, this way, that the ether- 
insoluble phenol lignin contains three new free phenolic hydroxyl groups capable 
methylation with diazomethane, while one phenol group has reacted with 
group the lignin unit with formation phenyl-oxygen ether 
inkage. 

The analytical results the phenol lignin indicate 
that much larger quantity phenol has condensed with the lignin 
building unit than the case the ether-insoluble fraction. The exact number 
phenol molecules reacting form this condensation product has not been 
determined experimentally although calculations based analytical data 

The phenol condensation products were obtained from Freudenberg and 
lignins nearly quantitative yield and found differ from the 
directly extracted phenol lignin that neither them could resolved into 
two fractions, thus indicating that some change had taken place the native 
lignin during the isolation process. The Brauns-Hibbert formula can also 
applied interpret the experimental data both cases. These lignins appear 
contain the same fundamental building unit the ether-insoluble phenol 
lignin fraction isolated directly from spruce wood, with the difference that the 
former probably have one additional hydroxyl group capable acetylation and 
diazomethane-methylation. 

The correlation found exist the present investigation between the phenol 
condensation products from native spruce lignin, isolated Freudenberg lignin 
and lignin regarded providing definite experimental evidence 
indicating the presence chemical unit common various lignins. The 
phenol condensation products, considered, may serve valuable reference 
compounds for proving the identity lignins obtained from different sources 
and use different chemical reagents. 
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Introduction 


This communication the first series published the chemistry 
phenol derivatives spruce lignin, and brief historical survey phenol 
lignin seems desirable. 

The basis all the work the extraction lignin from wood means 
pure cellulose from wood. Biihler found that phenols temperature 
greater than 150° dissolve the resins, lignified material and other so-called 
incrusting materials wood, leaving the cellulose insoluble residue. 
Increased pressure and temperature promoted the solvent action Renker 
(24, 81) found that p-cresol was good solvent but not efficient phenol. 
Hartmuth (12) 1919 discovered that small amounts hydrochloric acid 
catalyzed the rate extraction. Kalb and Schoeller (17, 18) 1920 took 
out patent for converting lignified vegetable tissues into soluble material 
means phenol the presence traces mineral acids. They claimed 
that the catalyzing effect the acid was due the presence hydrogen 
ions. Legeler (21) showed that 0.03% hydrogen chloride (calculated the 
weight phenol used) sufficient bring about solution the lignin 
min., while without the acid the lignin extraction occupied more than 
seven hours. The best results were obtained with anhydrous phenol. The 
first systematic study phenol lignin was made Hillmer (14). deter- 
mined the solubility unchanged lignin present wood, 
aromatic hydroxy derivatives, both presence and absence mineral acid. 
The effect the substitution groups phenols the solubility lignin 
was also studied. general, Hillmer’s experiments show that the delignifi- 
cation wood, the solution isolated lignin, best effected the use 
(i) phenol with two groups, (ii) hydroxy benzoic acid, 
phenol containing nitro, chlorine, bromine, aldehyde group, meta para 
the hydroxyl. 

The general method for the preparation phenol derivatives lignin 
consists treating the dried wood meal, isolated lignin, with parts 
molten anhydrous. phenol the presence small amounts catalyst. 
Legeler (21) used ether solution containing 0.03% hydrogen chloride 
calculated the weight phenol, while Hillmer (14) used mineral 
acid 0.2% iodine catalyst. 

The mechanism the reaction between phenol and lignin far from 
settled. Hillmer (14) offered the following theory. When, for example, 
p-cresol, o-nitrophenol m-hydroxy benzoic acid used dissolve the 
lignin, then, the nitrophenol lignin, nitrogen can detected; the 
chlorphenol lignin, chlorine; and, the m-hydroxy benzoic acid lignin, 
carboxyl group. was found that only those compounds containing free 
phenolic hydroxyl group are capable reacting this way. Hillmer (14) 
suggested that there exists the lignin complex reactive oxygen atom 
the form ketone, aldehyde hydroxyl group. assumes that there is. 
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keto group present capable existing enol form order that the 
phenol molecule can condense with this splitting out two molecules 


this case free (OH) groups same before and after 
conversion the lignin into the phenol derivative. But has been shown 
definitely that there are new phenolic hydroxy] groups present phenol 
lignin. The reaction must therefore postulated such way that the 
phenolic hydroxyl remains unchanged. The assumption that there loose 
molecular combination between the phenol and the lignin disproved the 
fact that the present time has been impossible decompose the phenol 
lignin into the original compounds solvents, mild chemical processes. 
Wedekind and co-workers (29) suggested that the hydrogen atom para 
the hydroxyl group the phenol reacts with the lignin complex. This re- 
action can postulated taking place either the saturation double 
bond the lignin complex, the para hydrogen going one carbon the 
double bond and the phenol residue the other, the condensation 
the para hydrogen the phenol with hydroxyl group the lignin molecule 
with the elimination water. The first view supported the work 
Schrauth and Quasebarth (26) the condensation phenols with cyclic 
hexenes. They found, using the method (19, 20), that was 
possible condense cyclohexene with phenol give p-cyclohexene phenol. 
The more highly substituted cyclic hexenes and terpene derivatives gave 
increasing yields alkali-soluble phenol condensates. Cross and Bevan (8), 
Jonas (15), and Schrauth (25, 26) have all presented formulas for lignin 
with such ring systems. the other hand, Niederl and Smith (23, 28) have 
studied the addition phenol ethylenic linkages found unsaturated 
ketones, alcohols, ethers, esters, aldehydes, and hydrocarbons. all cases 
catalyst such concentrated sulphuric acid essential for the reaction. 
According .to their experiments hydrogenated ring system such that 
assumed and Schrauth and Quasebarth necessary explain 
the addition phenol unsaturated compounds. 

The mechanism the reaction between phenol and lignin has not yet been 
definitely proved. However, there doubt that the phenol reacts with the 
lignin such way that new phenolic hydroxyl groups appear the lignin 
derivative, proved the present paper. 


Discussion 


extraction spruce wood meal with phenol presence trace 
hydrochloric acid, the lignin completely dissolved and crude phenol lignin 
obtained yield over 140%. This crude lignin can fractionated 
the use dioxane and ether into two fractions, ether-insoluble fraction 
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(A) (75%) and ether-soluble fraction (B) about 25%. When toluene 
sulphonic acid used catalyst higher yield ether-insoluble phenol 
lignin with the same content for Phenol Lignin obtained, but 
the reaction takes place much more The high yield phenol lignin 
shows that large amount phenol must have reacted with the lignin, and 
the question arises the number phenol groups introduced, and 
the manner which the phenol groups are combined with the lignin mole- 
cule. Since known that the action methyl alcohol (3), glycol (11), 
glycol ether (11), and cyclohexanol (1), one molecule these 
alcohols reacts with the lignin form ether, seems probable that one 
molecule the phenol also reacts the same manner. The remaining phenol 
molecules reacting with the lignin apparently enter the lignin complex 
such way that the phenolic hydroxyl groups are left uncombined. The 
number these groups entering the lignin molecule nuclear condensation 
was determined Brauns and Hibbert (4). They showed that glycol lignin 
methylated with diazomethane, well the fully methylated glycol lignin, 
gave with phenol, under the conditions used the preparation phenol lignin, 
phenol condensation derivatives which three new phenolic hydroxyl groups 
have been introduced into the respective phenol lignin condensation products. 
The whole matter becomes clearer applying the formula proposed Brauns 
and Hibbert working hypothesis. These authors derived from their 
analytical results building unit for native lignin 
with molecular weight 872 (2). For phenol lignin with one phenol- 
ether linkage and three phenol groups present nuclear condensation, the 
following formula may postulated: 
The theoretical methoxyl content such phenol lignin unit 
12.6%, whereas that actually found for the ether-insoluble Phenol Lignin 
only 10.3%, and that for the ether-dioxane-soluble Phenol Lignin 5.3%. 
assumed, however, that the preparation phenol lignin from 
spruce wood meal, one group split off, the theoretical methoxyl 
value the product would 
10.2%. matter fact, all the analytical values found for the various 
derivatives from the Phenol Lignin are then found agreement with 
the above formula. Phenol Lignin can readily acetylated with acetic 
anhydride and pyridine, resulting theoretical decrease methoxyl con- 
tent from 10.2 8.0% (found 7.9%) and acetyl value 22.2%; found, 
23.1%. Methylation with diazomethane brings about increase meth- 
oxyl from 10.3 21.6%, value which agrees with that calculated for 
and corresponding the en- 
trance five new methoxyl groups (21.7%). The diazomethane-methylated 
Phenol Lignin still contains free hydroxyl groups capable acetylation and 
methylation. The fully methylated compound was prepared two ways, 
(a) the simultaneous deacetylation and methylation the diazomethane- 
methylated and acetylated Phenol Lignin and simultaneous 


Recent experiments also permit the possibility that the phenol, after splitting oxygen ring, 
reacts with ether formation, forming new phenolic hydroxyl group. 
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deacetylation and methylation the fully acetylated Phenol Lignin 
The average methoxyl content both the products obtained 28.1%, 
while the value calculated the basis the proposed formula 
(OCHs) 9(OCe¢Hs) .3(CsHsOCHs) is 28.0%. 

The ether-soluble fraction, has much lower methoxyl content (5.3%), 
and the assumption was first made (2) that the case Phenol Lignin 
additional groups have been removed. matter fact 
assumed that three instead one are split off, (as the case Phenol Lignin 
the calculated value 5.3%, the same that found. This assumption, 
however, disproved the elementary analysis, well the analyses 
the derivatives. The high carbon content and the low methoxyl values 
show that considerably more phenol must have reacted with the lignin. 
The quantity phenol that has reacted with one molecule lignin can 
calculated approximately from the analytical data. The probable assump- 
tion that, with Phenol Lignin one molecule phenol reacts with the 
native lignin with formation phenol ether, one methoxyl group being 
split off the process. Such ether would have the following empirical 
formula: carbon content this 
hypothetical compound 66.8%. The carbon content phenol 76.6% 
and that found for Phenol Lignin 72.8%. molecules phenol 
(m. 94) react with one molecule the hypothetical lignin phenol ether 
without loss water give Phenol Lignin the molecular weight the 
latter will (94x 934). Since the carbon contents phenol, the 
phenol lignin compound, and Phenol Lignin are known, 
namely 76.6%, 66.8% and 72.8%, respectively, the following equation can 
postulated: 

76.6 66.8 72.8 
from which 15.6 (based four OCH; groups). 

When the content used the basis for calculation instead 
the carbon content would 14.7 and for four and five groups 
respectively. For phenol lignin with molecules phenol and methoxyl 
groups, value 6.6%, instead the found value 5.3%, cal- 
culated. If, however, the case Phenol Lignin one group 
split off during the phenolation, the calculated methoxyl value becomes 5.3%, 
and the calculated carbon content 72.7%, agreement with the experimental 
values found. The exact number phenol molecules combination with the 
lignin cannot determined the basis the experimental results present 
available. Some these, for example those relating the diazomethane- 
methylated product, are better agreement with the theory that Phenol 
Lignin composed one molecule lignin phenol ether and molecules 
phenol, while others, for example the acetylated derivative, agree closely 
with Phenol Lignin with molecules phenol. The fully methylated 
compound does not provide any clue the structure since its methoxyl value 
very close that methylated phenol. 
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apparent that great value can attached these conclusions 
view the very high molecular weights the products involved, with conse- 
quent inability apply the analytical results for carbon, hydrogen and 
methoxyl values satisfactory manner. 

Hillmer (14) and Hochfelder* mention the presence second phenol 
lignin but they did not isolate the pure product. 

There doubt that Phenol Lignin related some way the original 
lignin. The phenol cannot loosely bound adsorbed the lignin, 
otherwise would certainly removed during the methylation with dimethyl 
sulphate and alkali. The experimental results obtained the present series 
methylation reactions permit, however, justifiable speculation con- 
cerning the mechanism the condensation the phenol with the lignin 
form the Phenol Lignin 


Phenol Derivatives Isolated Lignins 

Phenol derivatives isolated lignins were first made Hillmer (14), using 
Willstatter lignin and alkali lignin, while Wedekind (29) condensed alkali 
lignin (lignic acid) and metalignin (the product obtained extraction 
spruce wood with sodium hydroxide autoclave but 
neither investigated the phenol products obtained. well 
Freudenberg lignin (9, 10), when not dried previously, readily into 
solution when heated with phenol. treatment the water-free suspension 
the lignin phenol with traces hydrochloric acid C., the 
lignin swells and gelatinizes. After further heating, the product liquefies 
again and the lignin goes slowly and completely into solution. The isolated 
phenol lignin derivatives have the same properties the Phenol Lignin 
described above, but they differ from the latter their higher methoxyl 
content, difference which corresponds, the basis molecular weight 
about 1230, one methoxyl group, thus indicating that the case the 
isolated lignins methoxyl groups are split off. From these new phenol 
lignin derivatives, partially methylated, acetylated, and completely 
ated derivatives were prepared. remarkable that the phenol deriv- 
atives Freudenberg lignin have slightly lower methoxyl content than 
those the lignin. This may due the fact that the former 
still contains the methylene oxide group—an observation which confirmed 
the following paper (Part XVII). especial interest that methyl- 
ation both phenol derivatives with diazomethane, products are obtained 
having higher methoxyl content than the corresponding derivative 
Phenol Lignin 

This higher methoxyl value corresponds approximately with one methoxyl 
group, but noexplanation can given the present time for the appearance 
new hydroxyl group capable methylation with diazomethane. Also, 
the methoxyl content the fully methylated phenol derivatives Freuden- 
berg and Willstatter lignin higher than that Phenol Lignin Klason 


Munich 1915. Reviewed Melander (22). 
Reference (16). 
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lignin prepared according the method Hawley and Harris (13)* shows 
behavior entirely different from that Freudenberg and Willstatter lignin. 
spite higher concentration the catalyst and the application 
higher temperature does not into solution with phenol. was therefore 
not investigated further. 

Experimental 


General Procedure for the Purification Phenol Lignin Derivatives 

order avoid repetition, the general procedure for the precipitation 
and purification the phenol lignin derivatives will described detail 
and then referred occasion arises. All the lignin derivatives synthesized 
were purified successive precipitations until the methoxyl values the 
product were found constant within the allowable experimental error 
(0.2%) for semi-micro Zeisel determinations amorphous substances. 

The crude, dry phenol lignin derivative dissolved about ten times its 
weight pure dioxane, the lignin solution centrifuged, filtered through 
white ribbon filter (Schleicher and Schiill) and then added drop drop the 
rapidly and constantly stirred precipitating medium. Vigorous and efficient 
agitation necessary order obtain finely divided light-colored product. 
general, 10% solution the lignin derivative will found require 
centrifuging and the supernatant liquid decanted from the loose cake. The 
lignin precipitate now mixed with more the fresh, dry precipitating 
liquid (in general 200 cc. about gm. lignin), and the mixture well stirred 
before the addition more lignin solution. This procedure repeated until 
all the lignin has been precipitated; the product then washed agita- 
tion with least two successive portions the precipitating liquid (or until, 
after centrifuging, the supernatant liquid colorless). The solid material 
then stirred with several successive portions low boiling petroleum ether 
(b.p. 30-50° C.), order remove the remaining traces the precipitant 
occluded the solid. When ether used precipitant, great care must 
taken insure the removal the last traces stirring the solid 
products for least half hour with each fresh portion the petroleum ether. 
usually convenient allow the precipitate stand overnight fresh 
petroleum ether before the final centrifuging. 

The washed products are centrifuged and dried, without transferring them 
from the centrifuge jar, vacuum desiccator (12-15 mm.) over concen- 
trated sulphuric acid and potassium hydroxide sticks. Prior analysis, 
they are subjected final, thorough drying Abderhalden apparatus 
the presence phosphorus pentoxide approximately mm., the temper- 
ature employed varying with the nature the material question. 


Preparation Phenol Lignin 
The method used was modification that employed Hillmer (14) 
and Wedekind (29). 


*See also Reference (27). 
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The wood meal used this and similar experiments was spruce wood 
ground 100 mesh and pre-extracted with alcohol-benzene mixture 
remove fats and resins, followed water remove residual sugars. 
was dried for several days 60° vacuum oven approximately 
mm. pressure. 

Pure anhydrous phenol (2000 gm.) was placed three-litre, three- 
necked flask equipped with mechanical stirrer and dropping funnel. The 
phenol was heated 80° C., and 180 gm. woodmeal, which had been heated 
the same temperature drying-oven for about hr., was added. 

anhydrous ether solution (200 cc.) containing gm. hydrogen chloride 
was added slowly during period about min. through the dropping fun- 
nel, the end which was placed below the surface the molten phenol. 
The mixture was stirred constantly and the temperature maintained between 
80° and 90° The color the mixture changed gradually from light 
yellow brownish purple. the end half hour, the phenol was 
distilled off under reduced pressure atmosphere nitrogen, using 
oil pump. The temperature the water bath during the distillation was 
kept lower than 80° The residual product was dark brown tarry solid. 
was dissolved 300 cc. pure methyl alcohol room temperature. 
The dark brown solution was centrifuged and the filtered lignin solution 
precipitated adding the clear methyl alcohol solution dropwise 
approximately four litres distilled water, which was stirred vigorously. 
The light-brown solid that separated out was washed decantation with 
water until the washings were clear, and then filtered Biichner funnel. 

The residue left after the phenol treatment was extracted with methyl 
alcohol and centrifuged. residue the cellulose from the wood meal 
and, according previous investigators, almost pure. alcoholic 
extract was concentrated under reduced pressure and the lignin precipitated 
described above. The total yield dry, crude phenol lignin was 121 gm. 
67% the weight the original wood meal taken. 6.4%. 

Duplicate experiments gave approximately the same yield crude phenol 
lignin with nearly the same values 6.4, 7.0, 6.8% respectively 
three different preparations). 


Fractionation Crude Phenol Lignin 

The crude phenol lignin 6.4%) was separated into (I) ether- 
insoluble fraction (Phenol Lignin and (II) fraction 
(Phenol Lignin the following procedure. 


Isolation Ether-insoluble Phenol Lignin 

Crude phenol lignin (30 gm.; 6.4%) was dissolved 300 cc. 
anhydrous, glycol-free, pure dioxane, giving very dark reddish-brown 
solution. This was centrifuged remove small amount insoluble material, 
filtered and precipitated allowing the drop into seven eight 
times its volume well stirred anhydrous ether. The lignin was precipitated 
fine light-brown product, while the supernatant ether solution was dark 
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reddish-brown color. was then centrifuged, washed with three portions 
dry ether, then with one portion petroleum ether (b.p. C.) and 
finally with two portions low-boiling petroleum ether (b.p. C.). 
The product was purified and dried described under the general procedure 
for purification lignin derivatives. The ether-insoluble Phenol Lignin 
was obtained fine, very electrostatic, buff-colored powder; 17.5 gm. 
58% the original crude phenol lignin was recovered the ether-insoluble 
fraction. 8.9%. 


Second purification. Phenol Lignin (17.5 gm.) (product from the previous 
precipitation) was redissolved 125 cc. dioxane; the solution was centri- 
fuged and the clear liquid added dropwise 1500 cc. dry ether. The 
precipitate was washed with ether, and then with high- and low-boiling 
petroleum ether (b.p. and 30-50° C.). Yield, gm. OCHs, 9.5, 
9.2%. 

The third, fourth, and fifth purifications were carried out the same 
manner the second. 


Fourth purification. Yield, 11.5 gm. OCHs, 10.4, 10.4%. 


Fifth Yield, 10.5 gm. Found (ash-free basis): 68.99, 
69.49, 68.76; 5.90, 6.03, 5.68; OCHs, 10.4, 10.3%. Calcd. for 
. [1216.5]: 69.00; H, 5:96: 
10.2%. 

The products from three preparations phenol lignin from wood meal 
were purified separately and, each case, gave ether-insoluble phenol lignin 
fractions having identical analytical values. 

The ether-insoluble Phenol Lignin very soluble dioxane, and 
ethyl alcohols, acetone, pyridine, aqueous sodium hydroxide; soluble 
warm alcohol, and ethyl acetates, glacial acetic acid; insoluble 
water, chloroform, carbon tetrachloride, ammonium hydroxide, petroleum 
ethers, benzene, toluene, sodium bicarbonate and aqueous mineral acids. 


The dark reddish-brown ether solutions remaining after the removal the 
ether-insoluble Phenol Lignin together with the first two ether washings, 
were filtered and evaporated weighed flask under reduced pressure 
30° remove excess dioxane. The dark brown tarry residue was dis- 
solved dioxane give approximately 10% solution, centrifuged 
remove small amount insoluble material, filtered and precipitated 
adding dropwise ether. The small flocculent precipitate ether-insoluble 
material was isolated, purified and dried described previously. The meth- 
oxyl value the washed and dried product was 9.4%, showing that the 
material was impure Phenol Lignin The ether filtrate from this precipita- 
tion was again evaporated, dissolved approximately the same amount 
dioxane and filtered. 

The Phenol Lignin was very difficult obtain 
solid form. 
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When the dioxane solution the residue, which remained after evaporation 
the ether, was precipitated dry benzene, somewhat flocculent, fine, 
light-brown product was obtained and the benzene acquired yellowish- 
brown color. The insoluble material was stirred with several portions 
benzene until the latter was longer colored. The product was allowed 
stand petroleum ether (b.p. 30° 50° C.) for about hour with occasional 
stirring. The liquid was centrifuged from the solid product and the latter 
stirred with three more portions petroleum ether. The final product, 
dried the usual manner, was fine light-brown powder. 

The small amount lignin left the benzene-dioxane mixture resulting 
from the first precipitation the Phenol Lignin was recovered evapor- 
ating off the bulk the solvents under reduced pressure, filtering and adding 
the filtered solution dropwise large quantity pure dry benzene. About 
one gram material was thus isolated and added the main product for 
further purification. Total yield—15 gm., 50% the crude phenol lignin. 

The Phenol Lignin was dried over phosphorus pentoxide temper- 
ature 56° 10-12 mm. for hr. 4.9%. 

This product was subjected four consecutive reprecipitations, de- 
scribed above, before the methoxyl value became constant. 


Fourth purification. Found: 72.74, 72.87; 5.92, 6.0; OCHs, 5.3%. 
Calcd. for . 15CsH;0H, [2358.4]: C, 12.8: 
6.2; OCHs, 5.4%. 

Three preparations crude phenol lignin were purified separately and 
each case fraction was obtained having the same 
final methoxy] value. 

Pure Phenol Lignin very soluble dioxane, methyl, ethyl and amyl 
alcohols, methyl and ethyl acetates, acetone, pyridine, aqueous sodium 
hydroxide and glacial acetic acid. only very slightly soluble pure ether, 
but readily soluble when small trace dioxane added. insoluble 
water, chloroform, carbon tetrachloride, pure benzene, toluene, aqueous 
mineral acids and cold ammonium hydroxide. 


Acetylation Ether-insoluble Phenol Lignin 

Phenol Lignin gm.; 10.3%) was dissolved cc. dry 
pyridine and cc. acetic anhydride added. The dark reddish-brown 
solution was allowed stand for hr. room temperature. The solution 
was poured thin stream finely cracked ice. After the ice had melted, 
the light-brown precipitate was filtered off, washed with ice-cold water until 
free from pyridine and acetic acid, and dried. Yield, gm. 


Purification 

The product was dissolved 100 cc. dry dioxane, centrifuged remove 
small insoluble material, filtered and added dropwise 1200 cc. 
anhydrous ether. The light buff-colored precipitate was washed with four 
portions anhydrous ether, followed three low-boiling petroleum ether. 
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The product was very light buff-colored powder. Yield, gm. OCHs, 
7.8%. then submitted second similar treatment and the resulting 
product analyzed. 


Found: 66.8, 66.54; 5.44, 5.35; OCHs, 7.9, 7.9; COCHs, 23.0, 
23 2%. Calcd. for C42H3206(OCHs) [1552.7]: 
66.46; 5.66; 8.0: COCHs, 22.2%. 


Methylation Ether-insoluble Phenol Lignin with Diazomethane 

Phenol Lignin (10 gm.; OCHs, 10.3%) was dissolved cc. dioxane, 
and diazomethane (prepared slowly dropping cc. sodium glycolate 
solution, containing sodium, into cc. nitroso-methyl urethane) was 
led into the solution. After about hour, there was vigorous evolution 
nitrogen and the solution became noticeably lighter color. The reaction 
mixture was allowed stand for three hours, and was then treated with the 
same amount diazomethane. Upon standing overnight, gelatinous 
precipitate, presumably polymer diazomethane, had formed the 
solution, which was then heated 50° for half hour and filtered. 
sample was. precipitated adding the solution ether. The light-colored 
precipitate was stirred with three consecutive portions ether followed 
two petroleum ether (b.p. C.) OCHs, 19.9%. 


The remainder was dissolved dioxane and the combined solutions were 
remethylated with diazomethane. The solution was allowed stand over- 
night room temperature and then heated 50° for half hour. The 
gelatinous precipitate was centrifuged off and washed with two successive 
portions dioxane. The product was isolated and purified described 

the general procedure above. Yield, gm. OCHs, 21.5%. 


The product was redissolved and again treated with diazomethane, exactly 
described above. The reaction product was isolated above and yielded 
very light buff-colored product. Since further treatment with diazomethane 
did not increase the methoxyl content, the product was considered com- 
pletely methylated with respect diazomethane. Yield, 7.8 gm. Ash, 
0.38%. Found (ash-free basis): 70.56, 69.86, 71.05; 6.44, 6.35, 
6. OCHs, 21 6%. Calcd. for 3CsH;OCHs, 
[1286.6]: 70.0; 6.42; OCHs, 21.7%. 


Acetylation Phenol Lignin Premethylated with Diazomethane 

The premethylated Phenol Lignin mentioned above (5.5 gm.; OCHs, 
21.5%) was dissolved cc. dry pyridine, cc. acetic anhydride 
added and the solution allowed stand for hr. room temperature. 
was poured thin stream mixture cracked ice and water with 
stirring. After standing for several hours, fine light-brown precipitate 
settled out. This was filtered off and washed with ice water until free from 
pyridine and acetic acid. Yield, 4.5 gm. 


The product was dissolved dioxane, filtered and precipitated adding 
the solution dropwise dry ether. The fine buff-colored product was centri- 
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fuged off and washed with three portions dry ether and two petroleum 
ether (b.p. C.). Yield, gm. 18.9%. 

The product was purified three further similar precipitations. There 
was change methoxyl value found the product from the last two 
precipitations. Found: 69.12, 69.37; 6.06, 5.95; OCHs, 19.1, 19.1; 
COCH:;, 11.1%. Calcd. for . 
68.8; 6.2; OCHs, 19.7; COCHs, 9.1%. 


Deacetylation and Methylation Phenol Lignin Premethylated with Diazo- 
methane and Acetylated 

The acetylated Phenol Lignin (1.5 gm.), previously methylated with 
diazomethane, was dissolved cc. acetone. Sodium hydroxide (40 cc.; 
30%) and cc. dimethyl sulphate were added dropwise during period 
one hour with constant stirring, keeping the solution slightly 
alkaline throughout. The mixture was stirred 40° for another hour. 

The acetone was then distilled off under reduced pressure, brown solid 
separating out. was ground with water mortar, separated filtra- 
tion, and washed free from inorganic salts. small sample the dried solid 
was purified solution dioxane and precipitation with ether, and analyzed 
for Found: 24.3%. After three additional methylations the 
methoxyl content was found constant. Found: 27.3, 27.5%. 


Deacetylation and Methylation Completely Acetylated Phenol Lignin 
Approximately gm. Phenol Lignin which had been completely 
acetylated using pyridine and acetic anhydride, was dissolved cc. 
acetone and methylated described the previous experiment use 
180 cc. 30% sodium hydroxide and cc. dimethyl sulphate. The 
reagents were added five equal portions half-hour intervals, care being 
taken keep the reaction mixture slightly alkaline throughout the reaction. 
The acetone was then removed under reduced pressure, and the dark 
reddish-brown precipitate separating out was filtered off, ground fine 
powder, and washed free from inorganic salts. Found: OCHs, 27.3%. 
After second and third methylation under the same conditions the meth- 
oxyl content was found constant. The resulting material was purified 
solution dioxane and precipitation with ether. Found: 71.40, 71.23; 
6.50, 6.47; 28.2, 28.3%. Caled. for 
70.45; 6.68; OCHs, 28.0%. 


PREPARATION DERIVATIVES PHENOL LIGNIN 


Acetylation Ether-Dioxane—soluble Phenol Lignin 

Ether-dioxane-soluble Phenol Lignin gm.; 5.3%) was dis- 
solved cc. dry pyridine and cc. acetic anhydride added. The 
solution was allowed stand for hr. room temperature, and the reaction 
product isolated the usual manner. was purified from dioxane—petroleum- 
ether (b.p. C.), from which separated very light brown powder. 
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The product was purified twice from dioxane and petroleum ether. Yield, 
5.4gm. Found: 68.42, 68.14; OCHs, 4.4, 4.4; COCHs, 
24.0, 24.6%. 


Diazomethane Methylation Ether-Dioxane-soluble Phenol Lignin 

Phenol Lignin gm.) was dissolved cc. 
dioxane, and the solution treated with diazomethane, prepared from cc. 
nitroso-methyl urethane. vigorous evolution nitrogen took place and 
the solution became noticeably lighter color. The next day was subjected 
treatment. The reaction mixture was heated 50° for min., 
centrifuged and small sample 22.3%. Since the methoxyl 
values after the third and fourth methylations did not increase further, the 
product was precipitated twice adding the dioxane solution dropwise 
petroleum ether (b.p. C.). Yield, 7.5 gm. Found: 72.97, 72.77; 
6.79, 6.70; OCHs, 22.9, 22.8%. 


Acetylation the Diazomethane-methylated Product 

Approximately 6.5 gm. methylated Phenol Lignin was dissolved 
cc. pyridine, and cc. acetic anhydride added. The solution was 
allowed stand for hr. room temperature. 

The product was isolated and purified described for the acetylated 
Phenol Lignin Yield, gm. Found: 70.58, 71.08; 6.30, 6.33; 
21.5, 21.6; COCHs, 2.4, 2.7%. 


Deacetylation and Methylation Ether-Dioxane—soluble Phenol Lignin Pre- 
methylated with Diazomethane and Acetylated 

Approximately gm. premethylated and acetylated 
Phenol Lignin was dissolved acetone and treated with cc. dimethyl 
sulphate and cc. 30% sodium hydroxide described for Phenol Lignin 
After five methylations the methoxyl content was constant. 

The product was purified adding the benzene solution dropwise 
petroleum ether (b.p. 30-50° C.). The precipitated product was very 
light buff color. Yield, Found: 72.43, 72.17; 6.48, 6.58; 
OCHs, 27.4, 27.3%. 

order ascertain whether the substance was fully methylated was 
treated with acetic anhydride and pyridine. change the methoxyl 
value occurred. The product therefore contained free hydroxyl groups. 


Preparation Phenol Derivative Freudenberg Lignin 

Moist Freudenberg lignin (125 cc.) (10) was freed from water far 
possible careful filtration, and the material mixed with 120 gm. phenol. 
portion the phenol was distilled off under reduced pressure remove 
the water present the lignin. The mixture was then heated 80° C., 
and cc. anhydrous ether containing gaseous hydrogen chloride added. 
The product immediately became darker color and the gelatinous mixture 
began liquefy. min. intervals, two additional portions 2.5 cc. 
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ether—hydrogen-chloride solution were added. The reaction mixture was 
heated for total period min. and the end this time had formed 
clear, dark reddish-brown solution. The excess phenol was distilled off com- 
pletely under reduced pressure, using oil vacuum pump, and the dark- 
brown residue dissolved cc. methyl alcohol. The solution was 
centrifuged and the small residue washed with methyl alcohol. The weight 
this dried methoxyl-free residue was 0.9 gm. 


The combined alcohol solutions were filtered and the phenol lignin 
compound precipitated adding the methyl alcohol solution dropwise 
distilled water with constant stirring room temperature. The phenol 
Freudenberg lignin separated out fine light-brown powder. The crude 
product was filtered-off and dried. Yield, gm. OCHs, 11.4%. 


This product was purified several precipitations from dioxane and dry 
ether. The light-brown precipitate finally obtained was centrifuged off, 
washed stirring with three successive portions ether and finally with 
two portions petroleum ether (b.p. C.). Yield, 12.5 gm. Found: 
68.39, 68.57; 5.88, 5.94; OCHs, 11.7, 11.5%. Calcd. for 

Phenol Freudenberg lignin very soluble dioxane, methyl and ethyl 
alcohols, acetone, pyridine and aqueous sodium hydroxide. soluble 
warm glacial acetic acid, amyl alcohol, but insoluble ether, water, chloro- 
form, carbon tetrachloride, and sodium carbonate. 


Acetylation Phenol Freudenberg Lignin 

Two grams phenol Freudenberg lignin was acetylated with cc. 
dry pyridine and cc. acetic anhydride and allowed stand for hr. 
room temperature. The light-brown solid isolated the usual procedure 
was dried and purified twice solution dioxane and precipitation with 
ether. was washed finally with two successive portions ether, followed 
two successive portions petroleum ether. Yield, gm. Found: 
66.83, 66.56; 5.53, 5.47; OCHs, 9.2, 9.4; COCHs, 21.6, 21.5%. 
Calcd. for [1524.7]: 
66.9; H, 528% OCHs;, 1072; COCHs, 19.7%. Calcd. for CwH3105(OCHs) 
9.9; COCHs, 22.0%. 


Methylation Phenol Freudenberg Lignin with Diazomethane 

Phenol Freudenberg lignin gm.) was dissolved cc. dioxane and 
diazomethane from cc. nitroso-methyl urethane introduced into the 
solution. vigorous evolution nitrogen took place and the solution became 
lighter color. After three hours was given second similar treatment 
with diazomethane. After third methylation the methoxyl content was 
constant. OCHs, 23.6%. 


The light buff-colored product was washed with three successive portions 
petroleum ether (b.p. C.). Yield dried product, gm. Found: 
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70.64, 70.76; 6.31, 6.27; OCHs, 23.5, 23.6%. Calcd. for 
21.7%. Calcd. for 6]: 
70.1; 6.5; OCHs, 23.8%. 


Acetylation Phenol Freudenberg Lignin Premethylated with Diazomethane 
Phenol Freudenberg lignin gm.), premethylated with diazomethane, 
was dissolved cc. pyridine and cc. acetic anhydride. The pro- 
duct, isolated the usual manner, was purified four precipitations from 
dioxane into ether. Yield, gm. Found: 68.90, 68.90; 6.17, 6.15; 
(OCOCHs)3(OC¢Hs) 7]: 68.8; 6:2: OCHs, 197: 
68.9; 6.3; OCHs, 21.7; COCHs, 9.0%. 


Deacetylation and Methylation Phenol Freudenberg Lignin Premethylated 
with Diazomethane and Acetylated 

Premethylated and acetylated phenol Freudenberg lignin gm.) was 
dissolved acetone and treated with cc. sulphate and 36.5 
cc. 30% sodium hydroxide the manner described for the fully methylated 
Phenol Lignin After the fifth methylation the methoxyl content was 
constant. The product was purified two precipitations from dioxane and 
ether. Found: 70.1, 70.6; 6.5, 6.5; OCHs, Calcd. for 
. 7]: 70.4; 6.6; OCHs, 
28.0%. Calcd. for 10(OC6Hs) . 3C6HsOCH3,[1342. 7]: 
70.5; 6.7; OCHs, 30.0%. 


Phenol Lignin from Lignin 

Lignin (21 gm.; 15.2%), dried vacuum desiccator and pre- 
pared according Willstatter’s method (16), was mixed with 130 gm. phenol, 
and the mixture heated with stirring thick mass was formed 
which was very difficult stir and this cc. ether containing 2.5% 
gaseous hydrogen chloride was added. After min. additional cc. 
the ether-hydrogen chloride solution was added and the pasty product then 
began further ten minutes third portion cc. the 
ether-hydrogen chloride solution was added and the mixture heated another 
min. The total volume ether solution added was cc., and time 
heating, min. All the lignin passed into solution and the 
excess phenol was then removed distillation under reduced pressure. The 
residual, dark brown, tarry mass was dissolved alcohol and centri- 
fuged, leaving 0.9 gm. residue. The solution, about 100 cc., was filtered 
and the phenol lignin precipitated adding the alcohol solution 
dropwise 2.5 litres distilled water. light-brownish solid separated. 
The filtration the cocoa-colored product took three four days, and 
proved impracticable centrifuge the solution. This product was purified 
manner similar that used for Phenol Lignin Yield crude phenol 
lignin, gm. OCHs, 11.7%. 
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Purification 

The crude phenol Willstatter lignin was dissolved 200 cc. dioxane, 
the solution centrifuged, filtered and the product precipitated adding 
this solution dropwise dry ether. The precipitate was allowed settle, 
and the almost colorless supernatant solution decanted. The residual lignin 
was washed twice with dry ether, three times with petroleum ether, and 
finally dried. 12.3%. 

was further purified second similar treatment. Found: OCHs, 
12.6%. 


Acetylation Phenol Lignin 

Purified phenol Willstatter lignin gm.) was acetylated with acetic an- 
hydride and pyridine the customary manner and the crude product twice 
precipitated pouring the dioxane solution into ether. Yield, 2.4 gm. 
OCHs, 9.6%. Calcd. for 5(OCOCHsS) 5(OCe6Hs) . 3CeHs- 
9.9%. 


Methylation Phenol Lignin with Diazomethane 

Phenol Willstatter lignin gm.) was dissolved cc. dioxane and 
diazomethane, prepared from cc. nitroso-methyl urethane, introduced. 
After two such methylations sample was isolated and purified, after drying 
Abderhalden 110° mm.). 23.6%. was again re- 
methylated. 23.9%. 

This value did not increase after another methylation. Calcd. for 


Acetylation Phenol Lignin Premethylated with Diazomethane 

Premethylated phenol Willstatter lignin (4.5 gm.) was acetylated with 
cc. dry pyridine and cc. acetic anhydride. The crude acetylated 
product (4.8 gm.) was isolated and purified the usual manner. The cream- 
colored, fine powder was dried vacuum desiccator over sulphuric acid 
and the sample for analysis further dried the Abderhalden 78° mm.) 
OCHs, 21 6%. Calcd. for 3C.H:;- 
OCHs, 21.7%. 


Deacetylation and Complete Methylation Phenol Lignin Pre- 
methylated with Diazomethane and then Acetylated 

Phenol lignin (2.5 gm.), premethylated with diazomethane and 
then acetylated, was dissolved cc. acetone, and methylated with 
cc. sulphate and cc. hydroxide (35%) room temper- 
ature. After two such methylations sample was isolated 
29.8%. 

After third methylation the methoxyl content was 30.0% Calcd. for 
. 6]: OCHs, 28.0%. Calcd. for 
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STUDIES LIGNIN AND RELATED COMPOUNDS 
XVII. METHYLATION WILLSTATTER AND FREUDENBERG 


BRAUNS? AND HAROLD 


Abstract 


Both Willstatter and Freudenberg lignins when treated with diazomethane 
give methylated products containing one additional methoxyl group, calculated 
the basis molecular weight about 850 for native lignin. When heated 
with phenol the presence small amount hydrogen chloride, both diazo- 
methane-methylated lignin derivatives are converted into soluble phenol 
lignin derivatives containing one more methoxyl group than the corresponding 
phenol derivatives prepared from original, untreated and Freuden- 
berg lignins. This higher methoxyl value also shown the former phenol 
lignins acetylation. The diazomethane-methylated phenol lignin derivatives 
prepared from and Freudenberg lignins cor- 
respond with the diazomethane-methylated phenol lignin derivatives prepared 
from original and Freudenberg lignins. Also the fully methylated 
derivatives prepared from the phenol diazomethane-methylated 
and lignins correspond with those described previously (2). 
The difference methoxyl value between the phenol derivatives obtained from 
Willstatter lignin and the corresponding derivatives from Freudenberg lignin 
may due possibly the presence the Freudenberg lignin 
methylene oxide ring which removed the isolation Willstatter lignin, 
thus giving rise the higher methoxy! content the methylated derivatives 
the latter. The action methyl original, diazomethane- 
premethylated, and fully methylated Willstatter and Freudenberg lignins 
was also investigated. 


Introduction 


The nature the changes taking place during the methylation lignin 
still unsolved problem. well known that lignin can readily 
methylated the usual methylation reagents. For Heuser and 
co-workers (12) were able methylate spruce lignin, isolated according 
the method Willstatter, suspending the product 10% sodium 
hydroxide solution and adding sulphate gradually temperature 
60° this manner the methoxyl content was increased from 14.6 
20.7%, and, repeating the process, product was finally obtained with 
content 26.3%. 

Urban (14) methylated spruce lignin (isolated means hydrochloric 
acid and phosphoric acid) use 45% sodium hydroxide solution and 
dimethyl sulphate After successive methylations the 
product had value 28.2%. found, however, that the 
temperature during methylation did not exceed 25° C., after two methylations 
product obtained with 32.4% Freudenberg (6) showed that 
treatment similar lignin preparation with ether solution diazo- 
methane, the methoxyl content could increased from 15.5 19.8%. 
Later (7) corrected this value reporting that the methoxyl increase 
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amounted only to2%. similar result was obtained Fuchs and Horn (10) 
who treated spruce wood meal with diazomethane and then isolated the 
methylated lignin with concentrated hydrochloric acid. This methylated 
lignin had content 19.7%, while that the lignin isolated 
the use concentrated hydrochloric acid and phosphoric acid from the 
original wood was 15.4%. They calculated from these results that the 
basis molecular weight for lignin about 800, contains one hydroxyl 
group capable methylation with diazomethane. has been shown repeat- 
edly that when lignin extracted from spruce wood meal means alcohols 
presence hydrogen chloride catalyst, lignin derivative obtained 
which soluble dilute sodium hydroxide and which can reprecipitated 
from such solution with acids. After treatment methanol lignin with 
diazomethane, the methoxyl content increases from 21.6 24.8% (1). 
This methylated product insoluble sodium hydroxide and stable 
towards warm sodium alcoholate, indicating absence ester methoxyl 
groups capable saponification. This indicates that there present 
acidic hydroxyl group capable methylation with diazomethane. Since, 
the one hand, Freudenberg (3, 122) contends that lignin prepared accord- 
ing his method, extraction wood meal with cuprammonium hydrox- 
ide, contains free phenolic hydroxyl group, while Fuchs (11), the 
other hand, claims that the preparation lignin alcoholysis, using 
methanol, ethanol, glycol, glycol moncethers, new phenolic hydroxyl 
group formed opening oxygen ring during the extraction process, 
seemed advisable re-investigate this matter. 


Spruce lignin was prepared according the (13) and Freuden- 
berg (9) procedures and kept under water, since, allowed dry, the surface 
the lignin particles becomes horny. Prior use, the material was filtered 
suction, the moist lignin mixed with cyclohexanol, the water removed 
distillation under reduced pressure, and the last-mentioned process continued 
until pure cyclohexanol passed over. The swollen lignin thus obtained was 
finely ground shaking the mixture with glass beads for several days. 
Such finely divided lignin permits thorough methylation with 
diazomethane. After six consecutive methylations, the cyclohexanol being 
replaced acetone after the third methylation, final methoxyl content 
for the Willstatter lignin and for the Freudenberg lignin 
was obtained. methylation had occurred was indicated the change 
external appearance both lignins from brown light cream color. 
treatment with phenol and hydrochloric acid each the diazomethane- 
methylated products was converted into soluble phenol lignin derivative 
containing, the basis molecular weight for phenol lignin 1230 (2), 
one additional methoxyl group compared with the phenol derivatives 
the original lignins methylation these phenolated products with 
diazomethane, derivatives were obtained having the same methoxyl content 
the diazomethane-methylated phenol lignin prepared from the original 
lignins the acetylated and completely methylated derivatives show 
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the same agreement with the corresponding derivatives described Buckland, 
Brauns and Hibbert (2). must, however, noted that the methoxyl 
values the Freudenberg lignin derivatives are somewhat lower than 
those the Willstatter lignin. This due the fact that possibly 
the Freudenberg derivatives still contain the methylene oxide ring (4, 8), 
while has probably been removed the isolation the Willstatter lignin, 
thus permitting increased methylation with diazomethane. 

When Willstatter and Freudenberg lignins, premethylated with diazo- 
methane, are treated with methyl alcohol and hydrochloric acid, almost 
complete solution obtained. The methanol lignin derivatives thus formed 
are found differ from the methanol lignin prepared either extrac- 
tion wood meal with methyl alcohol, the action methyl alcohol 
the original Willstatter Freudenberg lignin, having higher methoxyl 
content. The actual value found agreement with that the diazo- 
methane-methylated methanol lignin which likewise insoluble sodium 
hydroxide, thus indicating absence free acidic group phenol 
type the diazomethane-methylated Willstatter and Freudenberg lignins. 

methylation diazomethane-premethylated and Freuden- 
berg lignins with dimethyl sulphate and sodium hydroxide room tem- 
perature, fully methylated lignin derivatives are obtained. 


Experimental 


Methylation Lignin with Diazomethane 

Willstatter lignin 15.5%) which, after its preparation, had been 
kept under water, was filtered and the moist product transferred glass 
distilling flask, mixed with cyclohexanol, and the remaining water removed 
distilling under reduced pressure. always necessary add some 
fresh cyclohexanol during the distillation. When the cyclohexanol distils 
over free from water, the lignin left very fine suspension the solvent 
and ready for methylation with diazomethane the usual manner. Vigorous 
nitrogen evolution took place and after four methylations sample was 
removed, filtered, washed with methyl alcohol, acetone, ether, benzene, 
dioxane, and petroleum ether. The product was then suspended water, 
boiled for min. and dried Abderhalden 100° C./2 mm. The main 
portion was remethylated the same way and another sample was purified 
and analyzed. 20.8%. The total product was then centrifuged, 
the cyclohexanol removed washing with benzene, and the methylation 
repeated benzene suspension. The benzene solution was still yellowish 
after two days, and the excess diazomethane was then destroyed adding 
few drops glacial acetic acid. The methylated lignin was filtered and 
washed successively with acetone, dioxane, and ether, then boiled for min. 
with water and dried. Found: 21.2, 21.3%. Caled. for 

lignin, after methylation with diazomethane, has canary 
yellow color, free from nitrogen and insoluble all solvents. 
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Action Phenol and Hydrochloric Acid Lignin Premethylated with 
Diazomethane 

Three grams lignin, premethylated with diazomethane 
(OCHs, 21.2%), was suspended gm. liquid phenol heated 80° 
and cc. ether containing 2.5% hydrogen chloride introduced under the 
surface the phenol solution. The light-yellow color the mixture turned 
light reddish-brown, the lignin began swell, the mixture became more and 
more viscous and the product was finally gelatinized. After min. 
additional cc. the solution was added and after 
heating for about min. 80° the mixture again began 
one hour the lignin had almost completely dissolved with formation clear, 
dark reddish-brown solution. This was heated for another hour, the phenol 
distilled off under reduced pressure and the residual syrupy product dissolved 
mixture cc. equal parts methyl alcohol and acetone. The 
solution was centrifuged and poured into 600 cc. distilled water, forming 
colloidal solution. order coagulate the lignin, cc. saturated 
sodium sulphate solution was added and the mixture stirred for min. 
The lignin compound separated out light-brown, flocculent precipitate 
which was filtered off, washed with distilled water and dried. Yield, 3.25 gm. 
15.3%. 

the second experiment, 3.5 gm. lignin gave 4.5 gm. 
the phenol compound (OCHs, 15.8%). 

The insoluble residues from both experiments were washed with mixture 
methyl alcohol and acetone, then with ether, and dried. Yield, 0.31 gm. 
4.8% the total lignin used. 

The combined phenolated lignins (7.3 gm.) were dissolved cc. 
dioxane, the solution centrifuged, filtered, and the product precipitated 
adding the dioxane solution dropwise 500 cc. dry ether. was washed 
with ether, petroleum ether b.p. and finally with petroleum 
ether b.p. Yield, 7.0 gm. For analysis the product was dried 


The product was repurified the same procedure; 15.9%. 


The phenol compound Willstatter lignin premethylated with diazo- 
methane light-brownish powder, and shows the same behavior towards 
solvents the corresponding product obtained direct phenolation 
wood meal (2). The dioxane-ether solution almost colorless. was 
evaporated, the residual product dissolved very small amount dioxane, 
and the solution added ether. additional small amount the same 
phenolated compound separated out. 


Acetylation the product. Phenol lignin (0.5 gm.) from diazomethane- 
methylated Willstatter lignin was acetylated with pyridine and acetic an- 
hydride. Yield, 0.6 gm. Found: 13.3%. Caled. for 
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Diazomethane-methylation the Phenol Compound from Lignin 
Premethylated with Diazomethane 

portion gm.) the phenol compound was methylated with diazo- 
methane dioxane solution the usual manner, and the product purified. 
Found: 23.7, 23.6, 23.6%. Yield, gm. Calcd. for 
[1300.6] 23.8%. The pro- 
duct shows behavior towards solvents similar that the product 
derived from the corresponding phenol lignin directly prepared from wood 
meal. 

Acetylation the product. portion gm.) the above-mentioned 
diazomethane-methylated, phenol diazomethane-methylated Willstatter lignin 
was dissolved cc. pyridine and cc. acetic anhydride. The 
solution was allowed stand for hr. room temperature, then poured 
cracked the precipitate filtered, washed with distilled water, and 
dried over sodium hydroxide and sulphuric acid. The crude acetyl derivative 
was dissolved dioxane, filtered, and the product reprecipitated adding 
the solution dropwise dry ether. The light cream colored product was 
washed with ether, then several times with petroleum ether, and finally dried 
over sulphuric acid. Found: 21.6%. After another 
purification with dioxane and ether, the methoxyl content had not changed. 
Found: 21.8%. Caled. for 

This product has the same properties the corresponding derivative des- 
cribed previously, which had been prepared from phenol lignin obtained 
directly from wood meal. 


Complete Methylation the Diazomethane-methylated Phenol Lignin Prepared 
from Lignin Premethylated with Diazomethane 

portion (1.5 gm.) the phenol compound 23.6%) was dissolved 
acetone and methylated with cc. dimethyl sulphate and 
cc. sodium hydroxide solution (30%), the usual manner, tem- 
perature The acetone layer was separated from the aqueous 
solution, again methylated under the same conditions and sample purified. 
Found: 29.7%. third methylation, the methoxyl content 
was 30.5%. After fourth methylation the methoxyl value had not changed. 
Found: OCHs, 30.4%. Caled: for 3(CsH;0CHs), 
[1342.7] 30.0%. 

That the product was completely methylated was shown treatment 
sample with acetic anhydride and pyridine, whereupon change the 
methoxyl content was found. 


Methylation Freudenberg Lignin with Diazomethane 

The anhydrous Freudenberg lignin was isolated from its aqueous suspension 
the same way the Willstatter lignin. After complete removal the 
water the cyclohexanol suspension, diazomethane was introduced, causing 
vigorous nitrogen evolution. After four methylations, using each one 
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cc. nitrosomethyl urethane, the methylated product was isolated the 
same manner that described for the Willstatter lignin. Found: 
20.1%. After two further methylations the methoxyl content remained 
unchanged, and the cyclohexanol was then replaced benzene and another 
methylation carried out. The benzene mixture the reaction products 
remained colored for hr., and the product was then treated the same 
way that described for Willstatter lignin. Found: 20.3, 20.2%. 
Calcd. for C42H3206(OCHS) 6(OH) [886.4] : OCHs, 21.0%. 

Freudenberg lignin, methylated with diazomethane, much lighter 
color than the original Freudenberg lignin, but little darker color than 
the corresponding Willstatter lignin. was free from nitrogen and insoluble 
all solvents. 


Preparation the Phenol Compound Freudenberg Lignin Premethylated 
with Diazomethane 

Two grams Freudenberg lignin premethylated with diazomethane 
20.2%) was suspended gm. liquid phenol, and cc. ether 
containing 2.5% hydrogen chloride introduced the customary manner. 
The light-brown color changed immediately dark purple, and heating 
80° the mixture became increasingly viscous. After about min. 
was converted into gelatinous mass. Another cc. the 
chloride solution was then added. After about min. the mixture 
became fluid again and most the lignin had dissolved. The solution after 
heating for another hour was almost clear. The phenol was distilled off under 
reduced pressure, the dark reddish-brown syrupy residue was dissolved 
cc. mixture equal parts acetone and methanol, centrifuged, and 
the clear solution poured into 500 cc. distilled water. The phenolated lignin 
formed colloidal solution and was flocculated out addition 1-2 cc. 
sodium sulphate solution with stirring. was filtered, washed with distilled 
water, and dried. Yield, OCHs, 14.6%. 

second experiment with 4.5 gm. Freudenberg lignin premethylated 
with diazomethane yielded 5.0 gm. phenol compound. OCHs, 14.4%. 

The combined residues from the methyl alcohol-acetone solution were 
washed and dried. Weight, 0.25 gm., 2.4% the methylated lignin 
used. The crude phenolated compound (7.3 gm.) was purified dissolving 
cc. dioxane, centrifuging, filtering and precipitating pouring into 
dry ether. The light cream colored product was washed with ether, then 
with petroleum ether and dried 110° C./22 mm. Found: OCHs, 15.1%. 
The methoxyl content did not change after second purification. Calcd. 
for 6(OH)3(OC,Hs). 3(CsH;OH), [1244.6] : OCHs, 15.0%. 

The dioxane-ether solution, evaporation, left small residue which was 
dissolved dioxane and precipitated with ether. Yield, 0.15 gm. There 
was thus phenol product formed. 

Acetylation the product. portion (0.5 gm.) the phenol compound 


from diazomethane-methylated Freudenberg lignin was acetylated the 
same manner that described for the corresponding Willstatter lignin 
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compound. Yield,0.6 gm. Found: 12.3%. After another purifica- 
tion methoxyl value 12.4% was found. Calcd. for 


Diazomethane-methylation the Phenol Compound from Freudenberg Lignin 
Premethylated with Diazomethane. 

The phenol compound gm.) was methylated dioxane solution the 
usual manner with diazomethane until further increase the methoxyl 
content occurred. The product was purified and dried 110° C./2 mm. 
Found: 22.8, 22.8%. Calcd. for 
[1300.6] 23.8%. Yield 5.0 gm. 


Acetylation the product. One gram the last-named diazomethane- 
methylated phenol compound was acetylated the same manner that 
described for the corresponding lignin compound. Yield, 1.1 gm. 
Found: 21.1%. change methoxyl value was found after 
second purification. Calcd. for 


Complete Methylation the Diazomethane-methylated Phenol Compound from 
Freudenberg Lignin Premethylated with Diazomethane 

The phenol compound gm.) was methylated twice with dimethyl sul- 
phate and sodium hydroxide according the directions given for the corre- 
sponding Willstatter Found: 28.2%. change 
methoxyl value was found after third methylation. Calcd. for 

After treatment with acetic anhydride and pyridine the methoxyl content 
was the same (28.3%), showing that the product had been completely 
methylated. 


Action Absolute Methanol and Hydrochloric Acid Lignin 
Willstatter lignin was filtered from its aqueous suspension, washed several 
times with absolute methanol, and then shaken with the methanol and glass 
beads for several days with repeated renewal the methanol. The lignin 
was then centrifuged, washed twice with anhydrous methanol and twice with 
highly purified dioxane. The lignin prepared was suspended mixture 
cc. pure anhydrous dioxane and cc. anhydrous methanol con- 
taining 2.5% hydrogen chloride, and the product heated sealed tube 
for hr. The light-brown lignin immediately turned dark violet, 
swelled, and acquired flaky consistency. the solution was only slightly 
colored, was heated for further eight hours Virtually 
complete solution the lignin had occurred and the solution was dark brown. 
was centrifuged, filtered, the solvents removed and the residue redissolved 
anhydrous methanol containing small amount dioxane. The lignin 
was then precipitated buff colored product adding the solution drop- 
wise distilled water. was centrifuged, washed with water and dried 
mm. Found: 22.4%. There was change further 
purification. Calcd. for OCHs, 21.0%. 
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Action Absolute Methanol and Hydrogen Chloride Lignin 
Premethylated with Diazomethane 

Two grams lignin premethylated with diazomethane 
21.2%) was heated sealed tube with 200 cc. anhydrous methanol 
containing hydrogen chloride. The light-yellow color the lignin 
changed reddish-brown. The mixture was then heated for hr. 
but apparently change took place. The temperature, therefore, 
was raised 120° and the heating continued for hr., whereupon part 
the lignin went into solution. was heated for further hr. the 
same temperature and the experiment interrupted after total period 
heating amounting 125 hr. The solution was filtered from the insoluble 
material, concentrated under reduced pressure, and the lignin compound 
precipitated pouring the solution into distilled water. The mixture was 
centrifuged, and the residue washed with distilled water and dried. Yield, 
gm. The crude product was dissolved dioxane 
addition the solution ether. The light-brown product was washed 
with fresh ether, twice with petroleum ether, and dried 110° C./2 mm. 
Found: OCHs, 24.4%. Calcd. for CwH320¢6(OCHs)7(OH)s, [900 . 4] ° OCHs;, 


24.1%. 

The brownish dioxane-ether solution was evaporated under reduced pressure, 
and the residual product dissolved benzene. The solution was centrifuged, 
filtered, and the lignin compound isolated adding the benzene solution 
dropwise petroleum ether C.). The precipitate was washed several 
times with petroleum ether and dried 100° C./2 mm. Found: OCHs, 


Complete Methylation Lignin Premethylated Diazomethane 

Four grams Willstatter lignin premethylated with diazomethane 
21.2%) was methylated first aqueous suspension with cc. dimethyl 
sulphate and cc. sodium hydroxide (30% solution). The latter methyla- 
tions were carried out acetone suspension with the same amounts dimethyl 
sulphate and sodium hydroxide employed previously. After the second 
methylation the methoxyl content was 32.8%, which did not change after 
two further methylations. The fully methylated lignin was filtered, washed 
consecutively with water, dilute acetic acid and dilute ammonium hydroxide 
solution, and finally boiled with distilled water for min. The product 
was then filtered off, washed with boiling water and dried. light cream 
colored powder resulted which was insoluble all solvents. Found: OCHs, 
32.8%. Calcd. for [942.7] : OCHs, 32.9%. 


Complete Methylation Freudenberg Lignin Premethylated with Diazomethane 

Premethylated Freudenberg lignin gm.; 20.2%) was suspended 
cc. acetone and methylated with cc. sulphate and cc. 
sodium hydroxide solution (30%). The reagents were added the course 
seven hours 22° and the reaction mixture stirred for further three hours. 
The methylated lignin was filtered off, washed with distilled water and acetone, 
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and remethylated second time. sample was removed, washed with dis- 
tilled water, dilute acetic acid, and water, and finally heated boiling water 
for min. was filtered off and dried mm. Found: OCHs, 
30.3%. 


After further methylation the product was washed with distilled water, 
then with acetone, and finally heated boiling water for min. Found: 
OCHs:, 30.3%. Calcd. for CweH3206(OCHS)10, [942.7] : OCHs, 32.9%. 


The fully methylated Freudenberg lignin fine, light-yellowish powder, 
the methoxyl content which not changed after treatment with pyridine 
and anhydride. insoluble all organic solvents. 


Action Methanol and Hydrochloric Acid Freudenberg Lignin Premethylated 
uith Diazomethane 

Four grams Freudenberg lignin premethylated with diazomethane 
20.2%) was heated sealed tube with 150 cc. methyl alcohol 
containing hydrogen chloride tilting oven for two days 
and for further four days About 60% the material went 
into solution. The product was isolated the same way that described 
for the corresponding Willstatter lignin. Yield, 2.1%. was purified 
dissolving the product dioxane and precipitating adding the dioxane 
solution dropwise dry ether. could separated into two portions, 
ether-insoluble and ether-soluble fraction. The purification was repeated. 
Yield ether-insoluble product, 75%. Found: OCHs, Calcd. 


The residue from the ether-dioxane mother liquor left after removal 
the solvents was dissolved small amount dioxane and the solution 
added dropwise dry ether. The small precipitate was removed and the 
filtrate evaporated dryness. The residue was dissolved benzene and 
the product precipitated adding the benzene solution dropwise petroleum 
ether. Yield, 0.5 gm. The orange-colored product was then dried over 
alcohol. Found: 25.4, 25.5%. 


Action Methanol and Hydrogen Chloride Fully Methylated Freudenberg 
Lignin 

Fully methylated Freudenberg lignin (2.3 gm.; 30.3%) was 
suspended sealed tube 200 cc. absolute methanol containing 
hydrogen chloride and heated tilting oven for hr. 78° and for 
hr. 105° The lignin went almost completely into solution. After 
cooling, the mixture was filtered and concentrated about cc., whereupon 
part the lignin product separated out. was redissolved addition 
cc. acetone and the clear solution poured into large volume water. 
colloidal solution was formed, and addition few drops concen- 
trated sodium sulphate solution the product separated out flaky 
precipitate. was filtered, washed with distilled water, and dried. Yield, 
The product was dissolved dioxane and precipitated with ether, 
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then washed with ether and petroleum ether, and dried over sulphuric acid. 
Found: 29.7%. After second purification the methoxyl value 
was 29.6%. Calcd. for [928.5] : OCHs, 30.0%. 


Action Absolute Methanol and Hydrogen Chloride Completely Methylated 
Spruce Wood Meal 

Spruce wood meal (10 gm.) was methylated with dimethyl sulphate 
sodium hydroxide first aqueous and later acetone suspension room 
temperature final methoxyl content 38.8%. portion gm.) 
this material was mixed with 200 cc. anhydrous methanol containing 
hydrogen chloride and then heated sealed tube 80° for hr., 
the tube being shaken throughout the tilting furnace. The wood meal 
first turned red and then acquired green color. That part the wood 
meal had dissolved was indicated the brown color the solution. The 
tube was then heated 105° for additional hr., when further 
quantity the wood meal had dissolved. After heating for another 
hr. 120° the greater part the wood meal had dissolved. The mixture 
was filtered, the residue washed with methanol and dioxane, and finally with 
ether, and dried. Weight, 0.5 gm., 20% the wood meal used. 

The methanol and dioxane solutions were united, concentrated, and the 
lignin precipitated pouring the solutions into water. formed colloidal 
solution which could coagulated the addition trace sodium 
sulphate. 

The lignin was filtered, washed with distilled water and dried. 
29.6%. Yield, 0.75 gm., 26% the methylated wood meal dissolved. 
This crude product was redissolved cc. dioxane and reprecipitated 
with ether. was isolated the usual manner and dried 100° C./2 mm. 
Yield, 0.4 gm. 28.6%. 

The ether-dioxane solution, which was noticeably dark color, was eva- 
porated, the residual product dissolved benzene, filtered and the product 
reprecipitated pouring the solution into petroleum ether (60-70° C.). 
was washed several times with petroleum ether and dried 76° C./2 mm. 
Found: OCHs, 29:5; 29.7%. Calcd. for C4eH3206(OCHs)9(OH), [928.5]: 
30.0%. 
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STUDIES LIGNIN AND RELATED COMPOUNDS 


XVIII. LIGNIN SULPHONIC ACID—A PRELIMINARY INVESTIGATION 
ITS ISOLATION AND STRUCTURE! 


Abstract 


Several methods for the isolation pure lignin sulphonic acid have been 
studied. satisfactory method, employing dialysis the presence excess 
sulphurous acid, precipitation with quinoline and subsequent 
decomposition with sodium hydroxide, has been developed. The free acid 
unstable, becoming insoluble standing when heated above 50° C., parti- 
cularly the presence mineral acids. with pyridine and acetic 
anhydride also yields insoluble material. The salts lignin sulphonic acid 
are stable towards heat and methylation reagents room temperature, and 
therefore are more suitable for investigations its structure. The methyl and 
benzyl esters have been prepared but low yield only,—a result, presumably, 
the well-known abnormally reactive character esters sulphonic acids. 
The permutoid character its salts makes difficult prepare the neutral 
salts pure state. The pure sodium salt, however, was prepared the use 
electrometric titration indicate the neutral point. The salts (Na, Ag) 
are soluble alcohol containing trace water, but are precipitated in- 
organic salts such sodium thallium acetate. The acid methylation with 
methyl alcohol-hydrogen chloride yields product which soluble organic 
solvents and water, and which contains additional methoxyl group. 
Methylation the free acid with diazomethane gives water-insoluble product 
(OCHs, 18.4%), while similar methylation the sodium salt yields water- 
soluble product 19.4%, ash-free basis). The acid therefore contains 
least one free phenolic enolic hydroxyl group. can methylated room 
temperature with dimethyl sulphate and sodium hydroxide (5% excess) 
maximum methoxyl content 27.7% (ash-free basis), structural change, 
other than the loss some loosely bound sulphurous acid, apparently taking 
place. The analytical data provide additional support for the empirical formula 
for lignin proposed Brauns and Hibbert. 


Introduction 


The solution industrial problems such the bleaching pulp and the 
utilization sulphite waste liquor dependent large extent much 
more comprehensive knowledge the structure and properties lignin and, 
more specifically, lignin sulphonic acid. consideration, however, the 
marked discrepancies the results obtained numerous investigators 
during the past years indicates that very little definite progress has been 
made towards final solution the problem. 


Accordingly was considered advisable investigate thoroughly the 
isolation, properties, and structure lignin sulphonic acid. The first step 
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that either adopting developing method for the isolation, without 
degradation, product free from inorganic salts and extraneous organic 
material. 

The isolation lignin sulphonic acid has been carried out previously 
three different ways, namely, (a) precipitation, salting-out, and 
(c) dialysis. 

precipitants, strong mineral acids (18), basic lead acetate (21), B-naph- 
thylamine hydrochloride (11-16), quinoline (5), etc., have been used. Acids 
give only poor yields product that difficult wash and purify, while 
basic lead acetate precipitates phenolic compounds also. Dorée (2), however, 
claims have separated sulphite waste liquor, after dialysis, into three 
fractions use the latter method. 

Salts the acid may salted out solution with calcium chloride 
sodium chloride, etc. (17, 25, 26, The yields (30-50%), however, are 
much poorer than those obtained direct precipitation insoluble 
lignin sulphonic acid salt. Furthermore, the product contaminated with 
large quantities inorganic material, rendering further purification necessary. 

doubtful whether any the methods previously used gives product 
completely free from polysaccharides and other materials high molecular 
weight, although the claim made that this accomplished after dialyzing 
for days (8, 35-36). The yield this method about 66% the 
total lignin contained the liquor, which considerably better than that 
obtained other methods. However, shown the present investigation, 
the sodium lignin sulphonate thus obtained does not contain equivalent 
amount the sodium ion. Samec (29-31) prepared lignin sulphonic acid 
directly from sulphite liquors dialysis, and considered that his product 
was homogeneous since the barium salt could not fractionated. 
possible that dialysis removes lignin-like materials lower molecular weight, 
since was observed the present investigation that coloring matter was re- 
moved from the liquor during the earlier stages the dialysis, which 
parchment membranes were employed. 

satisfactory method for isolating lignin sulphonic acid pure state 
therefore available, and view this preliminary investigation several 
methods was made. 

The use basic lead acetate was discarded when was found impossible 
wash the slimy precipitate free from carbohydrates without incurring large 
losses the lead salt. Also, the barium and quinine salts were found 
little use because the experimental difficulties involved handling and 
washing the product. Finally modification Freudenberg’s method (7) 
(in which the product precipitated with quinoline and isolated finally 
the sodium salt) was adopted. 


Action Methylating and Acetylating Agents Free Lignin Sulphonic Acid 
The object these experiments was study the behavior free lignin 

sulphonic acid towards common methylating and acetylating reagents, 

diazomethane, methyl alcohol-hydrogen chloride, acetic anhydride and 
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pyridine, with view determining the best reaction conditions. Chart 
shows the nature the results obtained. The behavior towards dimethyl 
sulphate discussed another section this paper. 


CHART 
Action Product insoluble water, 
methyl alcohol alkali and organic solvents 
solution 18.4%) 


Free lignin sulphonic acid 

prepared 

phite cook, Experiment 
14.4%) 


and and methyl alcohol 
80° for two days (OCHs, 16.8%) 
Acetylation 
with pyridine and 
acetic. 
anhydride 


Product insoluble alkali 
and organic solvents 
(OCHs, 11.1%) 

The reaction products obtained from the free acid both methylation 
with diazomethane and acetylation with pyridine and acetic anhydride 
were insoluble not only organic solvents, but also hot sodium hydroxide 
and sodium ethylate. This may indicate that the sulphonic acid group had 
not been esterified and that some modification structure, possibly involving 
this group, had taken place under the influence these reagents. 

The behavior the free acid these reagents demonstrates the extreme 
sensitiveness and instability this product. From later work was found 
that the solid sodium salt was much more stable than the free acid both 
towards heat and standing, and therefore served valuable material 
for further investigation. Diazomethane exceedingly reactive agent, 
while the esters sulphonic acids also have shown somewhat abnormal 
activity, that ester lignin sulphonic acid might also expected 
show readiness undergo inter- and intra-molecular changes. 

The product obtained heating the free lignin sulphonic acid 
14.3%) with absolute methyl alcohol and hydrogen chloride contained 
16.8% indicating that this product possessed one more methoxyl 
group than the original acid (see Table interest that this product 
was apparently more stable than the original material. 


Isolation Salts and Esters Lignin Sulphonic Acid 

From these results appeared that esters, neutral salts, lignin sul- 
phonic acid would more suitable products for investigations dealing with 
chemical structure. 


*These values all refer ash-free products (see Table I). 
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Previous preparations metallic salts lignin sulphonic acid, e.g., barium 
salts (17, 18, 24), were undoubtedly contaminated with inorganic matter 
such barium carbonate, hydroxide sulphate. 

Attempts the authors prepare neutral thallium salt were also un- 
satisfactory for the same reason. 


Preparation esters. evident that the isolation derivative soluble 
organic solvents such benzene dioxane would eliminate this objection 
and possibly provide, the same time, means purification from other 
impurities. The esters lignin sulphonic acid, was thought, would satisfy 
these conditions, but attempts prepare the pure methyl and benzyl esters 
the diazomethane-methylated lignin sulphonic acid were not very satis- 
factory (yields, 10-20%). The products, however, were soluble organic 
solvents, the methyl and the benzyl esters containing 22.0% and 18.1% 
OCH; respectively. 

The residues left after extraction the esters with organic solvents were 
longer soluble water and alkali—an indication that some fundamental 
change had occurred the molecule, presumably result either intra- 
molecular reaction involving the sulphonic acid group secondary inter- 
molecular change involving the reactive ester. This change apparently 
similar that observed when the free acid methylated with diazomethane. 

Esters sulphonic acids are very reactive substances that can used 
alkylating agents where dimethyl sulphate and alkali cannot employed, 
for example, with phenolic aldehydes They are used also introduce 
both aryl and alkyl groups into the nucleus side chains benzene ring. 
(5) has shown that toluene sulphonic acid ethyl ester reacts with benzene 
give mono-, di- and triethyl benzenes, while benzene sulphonic acid 
ester reacts with benzene yielding mixture containing diphenyl methane 
and dibenzyl benzene. The benzyl ester very reactive and attacks the 
nucleus reactivity the sulphonic esters may expected become 
still more pronounced the presence the more reactive lignin molecule. 


Preparation neutral sodium lignin sulphonate. The attempts 
prepare pure sodium salt precipitation from slightly acid solution 
means absolute ethyl alcohol were unsuccessful, because the presence 
the acid (hydrochloric) brought about partial replacement the sodium 
hydrogen, consequence the permutoid character the lignin sulphonic 
acid (19). view the greater solubility sodium acetate alcohol and 
the weaker character acetic acid, the latter was substituted later for the 
hydrochloric acid, and sodium lignin sulphonate containing 5.16% sulphur 
and 4.05% sodium was obtained. The latter value slightly higher than 
that the neutral sodium salt prepared electrometric titration (Na, 3.7%) 
described below. 

Two dialysis experiments, using parchment bag, were carried out with the 
sodium lignin sulphonate. was found that for definite value the 
product contained definite amount metallic ion. Thus for values 
and the sodium contents were 4.2% and 2.5% 
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long-continued dialysis, the sodium salt, prepared from the commercial 
bisulphite liquors, always retained the same amount sodium (2.4 2.5%), 
indicating that definite equilibrium was finally established the dialysis 
process. shown later, the latter value for the sodium content less than 
that required for the formation neutral sodium lignin sulphonate, 
that the latter cannot prepared dialysis alone. However, the method 
importance since may used prepare lignin sulphonate which 
all the sodium present combined with the sulphonic acid group, thus 
permitting accurate calculation made ash-free basis. 

The neutral sodium salt lignin sulphonic acid may prepared neut- 
ralization, the endpoint being determined potentiometrically. The neutral 
sodium lignin sulphonate was found have value and sodium 
content 3.7%, the latter value being equivalent the actual sulphur 
content (5.36%) calculated ash-free basis. portion the sulphur 
held loosely bound state since, subsequently shown, split off 
during the methylation with dimethyl sulphate and alkali. 


Methylation Sodium Lignin Sulphonate with Diazomethane 

Using the sodium salt lignin sulphonic acid about 13.2%), 
product fully methylated with respect diazomethane was obtained, without 
the formation any insoluble by-product such that obtained when the 
free acid methylated with the same reagent. The resulting cream-colored 
product 19.4%) was soluble methyl alcohol and water. 


Methylation Lignin Sulphonic Acid with Dimethyl Alkaline Solution 


The methylation lignin sulphonic acid with dimethyl sulphate has been 
attempted several investigators (10; 13; 85; 27) but with little success, 
the end product being generally insoluble material lower sulphur content 
than the original substance and possessing methoxyl value considerably 
lower than that obtained the present investigation. (9), 
the other hand, methylated several lignin sulphonic acids isolated from com- 
mercial waste liquors and obtained final average methoxyl content 30.8%, 
while with lignin sulphonic acids prepared from various isolated lignins 
(Freudenberg and Willstatter lignins) methylated product with methoxyl 
content 32% was obtained. Such results need occasion surprise since, 
will shown later communication, when lignin derivatives, e.g., methyl 
alcohol lignin, are treated with 40% alkali room temperature structural 
changes apparently occur with the possible formation new hydroxyl groups. 

Freudenberg (7) 1933 obtained maximum value 27.7% methoxyl 
for the free acid, but gave details his technique. 

studying the behavior the lignin sulphonic acid during methylation, 
the most suitable and efficient conditions for complete methylation were deter- 
mined, and are given the Experimental Part. The product was fully 
methylated after five methylations 26.5%). Calculated 
ash-free basis, the value (27.7%) agrees very well with that observed 
Freudenberg (7). 
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Theoretical Considerations 

Although the true mechanism sulphonation not yet understood, 
and the problem the structure lignin sulphonic acid requires further 
extended and intensive investigation, possible, with the present 
make some interesting speculations involving the lignin 
proposed Brauns and Hibbert (1). 

apparent, from review the various theories concerning the mech- 
anism the process sulphonation, that there are two ways which forma- 
tion stable sulphonic acid may take place without involving the formation 
new hydroxyl group; namely, (a) addition sulphurous acid 
ethylenic linkage, and sulphonation aromatic nucleus. The 
formula for lignin sulphonic acid derived from the unit” Brauns 
and Hibbert and containing the same number hydroxyl groups would 

(I) 


Freudenberg (6, 128) has stated that possible that the sulphurous acid 
adds double bond, formed the loss molecule water. Another 
theory, also mentioned Freudenberg (6, 128), the possibility the 
direct sulphonation aromatic nucleus. more recent and important 
investigation the action bisulphites resorcinol (20) tends support 
this view and shows that such sulphonation accompanied the loss 
one hydroxyl group. 

the basis the above unit” Brauns and Hibbert the corres- 
ponding formula for both the above cases which one hydroxyl group 
disappears would 

(II) 

Table comparison made the methoxyl values found for the 
various derivatives prepared the present investigation with those cal- 
culated from the above formulas. 

The experimental value for the content the free lignin sulphonic 
acid (14.4%) lies between the calculated values for the two formulas and 
containing four and five groups respectively. This fact may due 
loss methoxyl groups during the sulphite cooking process. 

Although the calculated values for these formulas agree very well with 
those found experimentally, further investigation necessary before final 
decision can made the true lignin sulphonic acid. 
However, the value the fully methylated acid (27.7%, Table lends some 
support the theory that the formation the lignin sulphonic acid preceded 
the removal molecule water. 


Experimental 


Experiment I—Preparation and Isolation Lignin Sulphonic Acid (Laboratory 
Cook) 
Resin-free and vacuum-dried wood meal (588 gm., mesh) was heated 
with litres calcium bisulphite liquor (containing gm. CaO and gm. 
per 100 cc. water) chrome-nickel autoclave for two hours 
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C., followed further 4.5 hours 122° The light-brown 
wood meal was filtered and the filtrate, together with the washings, con- 
centrated under reduced pressure 30° about two litres, and the calcium 
removed precipitation with sodium carbonate. The filtrate was acidified 
with sulphuric acid (20%) until the change color from brown yellow 
occurred, then concentrated under reduced pressure, the temperature being 
kept below 40° C., and dialyzed for two days parchment bag with running 
distilled water. 

The dialyzed solution was filtered through thin layer charcoal, the 
lignin sulphonic acid precipitated the lead salt addition hot con- 
centrated solution lead acetate, and the mixture centrifuged. The mother 
liquor was again treated with lead acetate and few drops ammonium 
hydroxide, whereupon further quantity the lead salt was thrown down, 
complete precipitation having presumably been prevented the presence 
acetic acid. therefore advisable use solution basic lead acetate. 
The combined precipitates were washed with hot water and treated with 
sulphuric acid slight excess. The brown solution was filtered through 
charcoal, and the lignin sulphonic acid reprecipitated the lead salt with 
basic lead acetate. The gelatinous, gummy material was washed stirring 
the product with water and centrifuging. The product, which had been 
washed with about eighteen litres distilled water, reduced Fehling’s solution 
only very slightly. The free acid was again liberated with slight excess 
sulphuric acid and the solution, after filtration through charcoal, dialyzed 
parchment bag. 

The solution, which had increased considerably volume, was concentrated 
under reduced pressure below 40° precipitate separated out. This 
occurred more readily when the sulphuric acid had not been completely 
removed dialysis. The concentrated solution was electrodialyzed con- 
tinuously for one week, filtered, concentrated very thick 
syrup and extracted with absolute methyl alcohol. The dissolved, free lignin 
sulphonic acid was precipitated coarse gray powder pouring the 
methyl alcohol solution with rapid stirring into dry ether. was filtered 
off, washed with ether, then with petroleum ether, and dried vacuum 
desiccator over sulphuric acid. Found: 14.1; ash, 1.63%. Calcd. 
ash-free basis for the free acid: OCHs, 14.4%. 


Experiment II—Isolation Lignin Sulphonic Acid from Commercial Calcium 
Bisulphite Liquor 

The calcium bisulphite waste liquor used was taken from commercial 
digester the Howard Smith Paper Mills, prior increasing the tem- 
perature above 125° C., and, therefore, before the darkening color had 
occurred. calcium was precipitated with excess sodium carbonate and 
the filtrate concentrated under reduced pressure, temperature not above 
25° C., thick viscous syrup. was then dialyzed parchment bag 
with running distilled water, sulphur dioxide meanwhile being passed into 
the solution. After six days the dialysis was complete, the liquor being almost 
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free from reducing sugars and inorganic salts. The volume was made 
five litres, the solution acidified (Congo paper) with dilute sulphuric acid, 
and the lignin sulphonic acid precipitated addition concentrated 
solution quinoline sulphate. The cream-colored, curdy quinoline salt was 
allowed settle, and the supernatant liquor removed. The precipitate was 
washed with dilute quinoline sulphate and centrifuged. was then decom- 
posed with dilute sodium hydroxide, reprecipitated with acidified quinoline 
sulphate and washed with dilute quinoline sulphate. The precipitate was 
decomposed with excess dilute sodium hydroxide (5%), the solution 
concentrated 30° under reduced pressure and extracted for hr. with 
ether remove the quinoline. The aqueous solution was acidified with dilute 
sulphuric acid (10%) and extracted further hr. with ether. The concen- 
trated aqueous solution was then dialyzed parchment bag for several 
days, the solution being concentrated when found necessary. 

The product equilibrium mixture the free lignin sulphonic acid 
and the sodium salt lignin sulphonic acid and completely free from in- 
organic matter, carbohydrates, tannins and other resinous material. The 
free acid was prepared long-continued electrodialysis this solution with 
frequent additions sulphuric acid. However, since was found that the 
sulphonic acid unstable, the material was converted into the sodium salt 
and retained the form stable aqueous solution for subsequent 
use. 


Behavior Free Lignin Sulphonic Acid towards Methylating and Acetylating 
Agents 

The following experiments were carried out with the free lignin sulphonic 
acid 14.4%) prepared Experiment 

(a) Behavior towards diazomethane. Lignin sulphonic acid (0.5 gm.), dis- 
solved absolute methyl alcohol, was methylated with diazomethane ob- 
tained from cc. nitroso-methyl urethane. During the reaction the product 
separated out brown flocculent precipitate from the pale amber-colored 
solution. was allowed stand overnight and, after washing with methyl 
alcohol, ether and petroleum ether, was dried vacuum desiccator over 
sulphuric acid. The yellowish-brown product was insoluble hot and cold 
aqueous and alcoholic sodium hydroxide, well common organic 
solvents. nitrogen. Found: Ash, 0.05%; 18.4%. 

(b) Acetylation with pyridine and acetic anhydride. Methyl-alcohol soluble 
lignin sulphonic acid 14.4%; 0.3 gm.) was added mixture cc. 
pyridine and cc. acetic anhydride. The lignin sulphonic acid suspen- 
sion became, almost immediately, flocculent appearance and lighter 
color. The mixture was shaken hr. and then poured 400 cc. cracked 
ice. The suspension was centrifuged and the product washed and dried. 
The dark, horny material, which was insoluble sodium hydroxide and 
organic solvents, was powdered agate mortar and dried. Found: 
Ash, 0.66; OCH3, 11.0%. Corrected for the ash-free acid, 11.1% 
(Table I). 
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(c) Action methyl alcohol containing anhydrous hydrochloric acid. The 
lignin sulphonic acid 14.4%) used this experiment had become 
partially insoluble absolute methyl alcohol. suspension 0.2 gm. cc. 
methyl alcohol containing anhydrous hydrochloric acid was heated 
sealed tube, with shaking, 80° C., for two days. small insoluble 
residue remained. The filtrate was concentrated room temperature and 
the reaction product precipitated pouring Yield, 80%. Found: 
Ash, 3.11; OCH3, 16.3%. Corrected for the ash-free acid, 16.8% 
(Table I). 


Preparation the Methyl Ester Lignin Sulphonic Acid Premethylated with 
Diazomethane 

alcohol solution the sodium salt lignin sulphonic acid (0.5 
gm.) which had been previously methylated with diazomethane methoxyl 
content 18.4% was added solution gm. silver nitrate 
cc. methyl alcohol. About 0.5 gm. the freshly precipitated silver 
salt thus obtained was suspended dioxane and heated with cc. methyl 
iodide under pressure for hr. 80° The dioxane solution after centri- 
fuging was concentrated about cc., filtered, and precipitated ether. 
The grayish-fawn colored material obtained after washing with ether and 
petroleum ether, and drying, was soluble the common organic solvents. 
Yield, 0.05 gm. Found: 22.0% (Table I). The residue was in- 
soluble the same solvents and water. 


Preparation the Benzyl Ester Lignin Sulphonic Acid Premethylated 
with Diazomethane. 

The dry silver salt diazomethane-methylated lignin sulphonic acid 
(0.5 gm.) was suspended cc. dioxane and heated with cc. freshly 
distilled benzyl chloride (b.p. 176° C.) for five hours. 
appreciable change the reaction mixture was observable was heated for 
further four hours 100° The reaction was carried out with stirring, 
the absence moisture, glass apparatus with mercury seal. The 
suspension was centrifuged, the residue washed with dioxane, and the com- 
bined mother liquor and washings concentrated under reduced pressure 
small volume. The product was precipitated ether, washed and dried 
the usual manner. Yield, 0.12 gm. Found: 18.1% (Table I). 


Preparation the Sodium Salt Lignin Sulphonic Acid 


Method 1.—Precipitation from ethyl alcohol solution. Purified lignin sul- 
phonic acid, prepared from commercial bisulphite liquor (Experiment II) 
and containing some sodium bicarbonate, was concentrated thin syrup. 
was then made slightly acid with hydrochloric acid, filtered, and added 
dropwise times its volume absolute ethyl alcohol. The slimy precipitate 
was washed with absolute alcohol—a matter considerable difficulty owing 
the formation heavy suspensions. small sample was washed further 
with ether and petroleum ether and dried. Found: Na, 3.12, 3.16; OCHs, 
13.7%. Corrected OCH; for the ash-free acid, 14.1%. 
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The continued repetition this procedure yielded product with sodium 


content 1%, indicating that the hydrochloric acid merely removed sodium 
and liberated the free acid. 


Method 2.—Precipitation with alcohol from solution containing slight excess 
sodium acetate. concentrated solution the dialyzed lignin sulphonic 
acid gm.) obtained from commercial waste sulphite liquor (Experiment 
was acidified with acetic the material precipitated litre absolute 
ethyl alcohol. The flocculent precipitate was centrifuged and washed twice 
with absolute alcohol. was washed carefully with ether, the product 
being allowed, during each washing, stand contact with the ether for 
some time, then treated similarly with petroleum ether, and the light grayish- 
brown fluffy product dried 100° and mm. pressure over phosphorus 
pentoxide. Found: Na, 4.12, 5.12, 5.19%. Corrected for the 
ash-free acid: 5.36%. 


Method 3.—By dialysis. order investigate dialysis method for 
the preparation the neutral sodium salt lignin sulphonic acid, the following 
experiments were carried out: determination the sodium content the 
sodium salt lignin sulphonic. acid prepared dialyzing 
(b) dialysis the sodium salt constant sodium content. 


Experiment (a): sample the pure lignin sulphonic acid (Experiment 
containing excess sodium bicarbonate was placed small parchment 
bag and dialyzed. The results are summarized Table II. 


TABLE 


VARIATION SODIUM CONTENT THE SODIUM LIGNIN SULPHONATE SOLUTION WITH 
VALUE BETWEEN AND 


Progressive treatment sodium salt lignin Sodium, 
sulphonic acid solution* 


Dialyzed hr., cc. NaOH (30%) added, and dialyzed 
further hr. 4.0 6.3 6.4 


cc. NaOH (30%) added, dialyzed hr., sufficient 


excess 4.37 Above 
Dialyzed further hr. 3.82 5.9 6.0 


*The measurements were made using the Wulff method. 


Experiment (b): sample the same sodium lignin sulphonate solution 
used Experiment was dialyzed continuously small parchment 
bag without any addition sodium hydroxide. aliquot portion was 
taken intervals determine the sodium content the solid material and 
the the solution. Constant values 2.41% for sodium and 4.2 
for were obtained after six seven days’ dialysis. The solution was 


= 
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acidified with acetic acid and dialyzed for hr. The sodium content was 
then found 1.31%, indicating the ease with which the equilibrium 
disturbed. About 0.5 gm. sodium acetate was added and the solution 
again dialyzed until the sodium content was constant (2.49%). solution 
the sodium lignin sulphonate, therefore, can dialyzed constant 
sodium content (2.4 2.5%), which less than the amount sodium 
equivalent the sulphur content the lignin sulphonic acid. 

Method 4.—Electrometric titration: The most satisfactory method for 
preparing neutral sodium lignin sulphonate the use electrometric 
titration the point neutrality. 

The potentiometric titration was carried out using the circuit and set-up 
(22, 23) and Elder (3)*. The glass electrode was first standardized 
means two buffer solutions known pH, 3.5 and 5.5 respectively. 


RE 


Fic. titration lignin sulphonic acid. 


The potential the cell, formed combination the buffer solution with 
calomel half-cell and hydrogen electrode, was measured each case with 
Leeds and Northrup potentiometer, and amounted 0.166 and 0.274 volts 

*The authors wish express their thanks Dr. Wyatt Johnston, Acting-Director the Pulp 


and Paper Division, Forest Products Laboratories Canada, for the loan the equipment, and 
Dr. Yorston for the assembling it. 
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respectively. The potentiometer readings were plotted graph against 
the corresponding values the buffers. The straight line graph obtained 
joining these two points gave the variation the potentiometer reading 
with the value. The two half-cells were connected means cc. 
sulphonic acid solution (containing about 1.7% sodium based 
the anhydrous weight the lignin sulphonic acid present). The potentio- 
meter readings corresponding the additions small volumes stan- 
dardized 0.05 sodium hydroxide the lignin sulphonic acid solution were 
observed, and the corresponding values obtained from the curve. These 
values were plotted, using the values ordinates and the number cubic 
centimetres 0.05 alkali abscissas (Fig. 1). The midpoint between 
the two breaks (pH, 7.85 and 4.15) the curve was taken the endpoint 
the reaction, this corresponding value (equivalent the addi- 
tion 4.85 cc. 0.05 sodium hydroxide). 


second cc. the same lignin sulphonic acid solution was then neu- 
tralized with 4.85 cc. the sodium hydroxide solution previously employed, 
the sodium content the sodium lignin sulphonate determined and found 
correspond that obtained for the sodium salt prepared Method Found: 
Na, 3.71;S, 5.1%. 


The product therefore the true sodium salt lignin sulphonic 
acid, since the stoichiometric ratio sodium sulphur (23 
that actually found for the sodium salt 1:1.4). The dis- 
crepancy between the found and calculated values arises from the presence 
the sodium product some sodium salt higher sulphonated unstable 
acid addition the sodium monosulphonate. Calcd. for 
Na, 2.4;S, 3.3%. 


Methylation the Purified Sodium Salt Lignin Sulphonic Acid with 
Diazomethane 

show that methylation the phenolic hydroxyl group may carried 
out without simultaneous esterification the group, sample the 
sodium salt sulphonic acid was methylated absolute 
for 11.9%. 

Pure sodium lignin sulphonate was then methylated several times the 
following manner. Diazomethane from cc. urethane was 
passed into concentrated aqueous solution the purified sodium salt 
lignin sulphonic acid (OCH; about 13.2%) cooled ice bath. The mixture 
was allowed stand for hr. 16°C. aliquot portion was then filtered 
and the product precipitated adding the solution mixture parts 
alcohol and parts ether. The light cream colored product was washed 
successively with alcohol-ether, ether-petroleum ether and petroleum ether, 
and dried over sulphuric acid vacuum desiccator. sample was dried 
100° for hr. under reduced pressure and analyzed for methoxyl 
content. The main portion the solution was methylated this manner 
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constant methoxyl content, using different solvents. During the latter 
methylations violent evolution nitrogen occurred and the solution became 
much lighter color. The results are shown Table III. 


TABLE III 


METHYLATION OF SODIUM LIGNIN SULPHONATE WITH DIAZOMETHANE 


content, 


Description 


Sodium lignin sulphonate 
After first methylation (in aqueous solution) 
After second methylation (in aqueous solution) 
After third methylation (in aqueous acetone) 
After fourth methylation (in 98% acetone) 
After fifth methylation (in methyl alcohol) 
After sixth methylation (in alcohol) 


The final product, containing excess sodium bicarbonate, was dialyzed 
for three days with the addition acetic acid and isolated the usual proce- 
dure. Found: OCHs, 18.9, 18.8; Na, 3.00%. Corrected OCH; for the 
ash-free product: 19.4%. 


Methylation the Sodium Salt Lignin Sulphonic Acid with Dimethyl Sulphate 

The sodium salt (10 gm.) prepared from commercial sulphite liquor (Ex- 
periment was dissolved the least possible amount water and 100- 
150 cc. acetone added. The methylation was carried out homogeneous 
phase 25° C., five consecutive additions being made over period five 
hours. Each addition occupied min., during which period simultaneous 
addition cc. dimethyl sulphate and cc. 30% sodium hydroxide 
was made, and the stirring continued for further min. The mixture, 
after having been stirred for further two hours complete the reaction, 
was slightly alkaline. Any salting-out the material during the process 
indicated too high concentration alkali and was adjusted either the 
addition more acetone the reaction mixture increase the rate 
flow the sulphate. 


The amber-colored solution was dialyzed overnight with distilled water. 
The liquid, which had then almost doubled volume, was concentrated 
about 500 cc. under reduced pressure dis- 
tillation flask. was then dialyzed for about until presumably free from 
sulphate. solution was concentrated about 100 150 cc. and methy- 
lated four times the same manner. The final solution was dialyzed for 
hr. and small sample concentrated dryness. The product was dis- 
solved methyl alcohol and precipitated times its volume ether. 
The fine, canary-yellow colored precipitate was washed consecutively with 
alcohol, ether and petroleum ether, and dried. 


yn. 

O- 
ne 
se 
14.6 
14.9 
16.0 
17.3 
18.4 
18.4 
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The remainder was methylated for fifth and sixth time the same 
technique, the solution dialyzed for hr. distilled water, and sample 
analyzed. results are contained Table IV. 


TABLE 
METHYLATION SODIUM LIGNIN SULPHONATE WITH DIMETHYL SULPHATE 


Description 

70 oO 
Sodium lignin sulphonate 
After fourth methylation 3.49 26.2 
After fifth methylation 3.34 27.0 
After sixth methylation 


Calculated ash-free basis, the fully methylated lignin sulphonic acid 
contained 27.7% 

solution the fully methylated lignin sulphonic acid was electrodialyzed. 
Found: Na, 0.89; 3.08, 3.15%. Corrected sulphur content for the ash- 
free product: 3.15%. 
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STUDIES LIGNIN AND RELATED COMPOUNDS 
XIX. ALKALI LIGNIN! 


Abstract 


Alkali lignin was prepared the method Mehta (6). was separated 
into two fractions, termed Alkali Lignin insoluble dioxane-ether, and 
Alkali Lignin soluble dioxane-ether. Both compounds were acetylated, 
partially methylated with diazomethane and fully methylated using dimethyl 
sulphate and sodium hydroxide. Treatment both alkali lignins with phenol, 
using hydrogen chloride catalyst, yielded phenol condensation products. 
Phenol Alkali Lignin was acetylated, partially methylated with diazo- 
methane and completely methylated with dimethyl sulphate and sodium 
hydroxide. was found that one mole Alkali Lignin reacted with two 
moles phenol. Alkali Lignin yielded two phenol derivatives, ether- 
insoluble and ether-soluble product, which differ the number attached 
phenol groups. and were also shown react with 
Alkali Lignin giving lignin derivatives having identical methoxyi and bromine 
content. treatment Alkali Lignin with anhydrous methyl alcohol and 
hydrogen chloride product with higher content was obtained, in- 
dicating the presence hydroxyl groups capable methylation with this reagent. 
From the analytical data the different compounds some theoretical con- 
clusions are drawn, and empirical formulas derived. 


Introduction 

Alkali lignin, that is, lignin isolated with alkali and precipitated means 
mineral acids, has been used starting material many investigators. 
The results obtained, however, varied remarkably that was necessary 
re-investigate the subject carrying out the extraction the lignin under 
certain well defined conditions. The alkali lignin obtained could 
separated into dioxane-ether insoluble fraction (Alkali Lignin and 
dioxane-ether soluble fraction (Alkali Lignin B). Alkali Lignin has 
methoxyl content which differs markedly from that obtained 
other investigators (4, Lignin has not 
hitherto any investigator, spite the fact that present appre- 
ciable quantity (20%). Its methoxyl content (14.0%) only little lower 
than that Alkali Lignin but more striking difference between them 
found their behavior methylation. 


From both alkali lignins, acetylated, partially methylated and fully methy- 
lated derivatives were prepared, thus indicating that they contain free hydroxyl 
groups. Methylation with diazomethane gives products higher methoxyl 
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value which still contain free hydroxyl groups, shown acetylation and 
complete methylation with dimethyl sulphate and sodium hydroxide. Since 
the methoxyl groups are stable towards alcoholic sodium hydroxide solution, 
the absence groups indicated. 

Treatment Alkali Lignin with methyl alcohol and hydrogen chloride 
increases the methoxyl content 5.4%, and subsequent treatment with 
diazomethane caused additional increase about 8%. 

The action phenol Alkali Lignin yields condensation product and 
since three different experiments product with the same value 
was always obtained, seems that the phenol and Alkali Lignin react 
definite stoichiometrical proportion. Acetylation, partial and complete 
methylation Phenol Alkali Lignin was carried out order determine 
the number and type the free hydroxyl groups. 

Treatment Alkali Lignin with and o-bromphenol gives condensation 
products having the same methoxyl (13.5%) and bromine content (6.05%). 
These bromphenol compounds may used basis for the theoretical 
considerations the experimental results. 

The bromine content p-bromphenol (m.w. 173) 46.2%, while that 
both phenol lignins 6.05%. From these figures value for the molecular 
weight, the Alkali Lignin building unit may cal- 
culated use the following equation, which the amount bromine 
present each compound equated: 

6.05 


1321. 


This value represents the smallest molecular weight for the Bromphenol 
Alkali Lignin building unit, which only one bromphenol has reacted 
with each lignin unit. Evidence for the correctness this value shown 
the agreement between the methoxyl values the different Alkali 
Lignin derivatives found experimentally, and those calculated the 
basis this molecular weight. 

obvious that this value cannot regarded accurate within narrow 
limits, small error bromine methoxyl content causes appreciable 
difference the resulting molecular weight. These differences, however, are 
still within the error allowable molecular weight determinations. 

Three combustions Alkali Lignin gave the following average values 
carbon, 64.75; hydrogen, 5.71; oxygen, 29.54%. The methoxyl content was 
15.0%. From these values the following empirical formula obtained: 


and (OCHs3)o.48 


Since each Alkali Lignin unit must possess definite whole number 
methoxyl groups, the molecular weight this unit can calculated from 
the methoxyl content and the number methoxyl groups present. 
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assumed that each unit contains only one methoxyl group, then the molecular 
weight, the smallest unit can follows: 
206 


The molecular weight Alkali Lignin can also calculated from that 
the bromphenol compound allowing for the presence bromphenol 
and adding one mole water (1321 173 1166). Since the molec- 
ular weight-of Alkali Lignin approximately 1170 and that the smallest 
unit containing one methoxyl group 206, evident that six methoxyl 
groups must present the minimum Alkali Lignin building unit, which 
therefore has molecular weight (206) 1236, value good agreement 
with that calculated independently from the bromphenol lignin analyses. 


order arrive formula for Alkali Lignin containing six methoxyl 
groups, the smallest empirical formula must multiplied 6/0.48 12.5), 
thus giving the empirical formula: 


with molecular weight 1244, which agrees very well with 1166, the value 
found independently from the analytical data the Bromphenol Alkali 
Lignin Since there are six methoxyl groups present the Alkali 
Lignin the bromphenol compound also contains the same number. Its 
calculated methoxyl value therefore 13.3% and the bromine 5.71%, while 
the found values are 13.4% and 6.05% respectively. 


The number methoxyl groups, present the diazomethane-methylated 
and those, the fully methylated Alkali Lignin can calculated from 
the following 


The ratio hydroxyl acetyl groups and the analytical data 
the different derivatives found and calculated the basis the above 


formula for Alkali Lignin are shown Table 


contrast with the and Freudenberg-phenol lignins (3), 
Alkali Lignin reacts with smaller number phenol molecules. From 
the experimental results obtained with Bromphenol Alkali Lignin was 
found that single bromphenol molecule reacts with the Alkali Lignin 
form ether, and seems permissible assume that with the Phenol 
Alkali Lignin similar reaction occurs. The lower methoxyl content 
however indicates that second phenol molecule must have reacted 
manner similar that observed the case other phenol lignin derivatives(2). 
This confirmed the agreement between the analyses found for the Phenol 
Alkali Lignin derivatives and the corresponding values calculated (Table 


*22.3 and the per cent methoxyl found for and for the fully 
methylated Alkali Lignin respectively, while 12.5 the multiplication factor used connection 
with the minimum empirical formula (see page 104). 
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There one discrepancy, however, for which experimental explanation 
can yet given. methylation Phenol Alkali Lignin with diazo- 
methane, the methoxyl value increases from 13.0 25.7%, indicating that 
two additional hydroxyl groups must have been formed during the reaction 
and have undergone methylation. 


Alkali Lignin 

When similar considerations are applied Alkali Lignin the following 
formula obtained: 

(m.w. 1996), 

which approximately one and one-half times great that for Alkali 
Lignin shown the Experimental Part, the analytical data found for 
the various compounds prepared are sufficient agreement with the values 
calculated the basis the above formula (Table 


These empirical formulas for Alkali Lignin and Alkali Lignin are con- 
siderably larger than the formula for the “native lignin postulated 
Brauns and Hibbert. While all these formulas are regarded merely 
tentative, they indicate clearly the more complex character alkali lignin 
comparison with lignins extracted organic solvents, e.g., methanol 
lignin (1). smaller unit was expected for alkali lignin. However, 
the results can explained the basis more recent theories lignin 
formation and isolation. 


Brauns and Hibbert regard their lignin being related 
the native lignin the same way glucose glucose anhydride con- 
sidered the building unit the cellulose molecule. However, 
quite possible that, result the treatment applied native lignin for 
its isolation, lignin fragments are obtained similar those found the graded 
acetolysis cellulose, whereby not only cellobiose but also cellotriose and 
cellotetrose are formed (7, the cellulose molecule the glucose 
anhydride units are linked with one another definite grouping 
form long chain, however, first suggested Freudenberg (5, pp. 135-136), 
union the lignin building units may occur different ways either 
condensation polymerization and may proceed through the medium 
hydroxyl groups varying character, thus forming 
This postulated type structure for native lignin also offers 
explanation for the fact that, while possible obtain the same lignin 
product repeatedly, using the same conditions, any change one these, 
for example, time, temperature, concentration, may sufficient give 
different product, least bring about change the ratio the 
products obtained. There is, yet, known method which com- 
pletely homogeneous lignin derivative, soluble organic solvents, can 
prepared, and this also true alkali lignin. indicated the Experi- 
mental Part, change the concentration the alkali, the reaction 
temperature, the time, gives either product different molecular 
weight mixture different products. 
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Experimental 


ALKALI LIGNIN 
Preparation Alkali Lignin 

Wood meal (180 gm.), previously extracted successively with benzene- 
alcohol, water and caustic soda solution (5%) was placed rotary iron 
digester with one litre sodium hydroxide solution (4%), and the air replaced 
nitrogen. The temperature was raised 172° min., and main- 
tained there for one hour. The solution was filtered off and the pulp washed 
with cold sodium hydroxide (1%). The combined filtrate was cooled, acidi- 
fied with concentrated hydrochloric acid, and the precipitated lignin centri- 
fuged off and dialyzed until neutral Congo paper. The product was again 
centrifuged and dried thick paste the suction filter. While still moist 
was dissolved dioxane, and the solution dried with anhydrous magnesium 
sulphate, filtered, and concentrated under diminished pressure about 
400 cc. The lignin was precipitated adding this solution dropwise about 
four litres anhydrous ether. The precipitate was allowed settle, the 
ether decanted off, and the lignin washed with dry ether, until the washings 
were colorless, and finally with petroleum ether C.). was centri- 
fuged and dried. Yield, 35.6 gm., 20% the original wood meal. 

The crude lignin from three such preparations had methoxyl content 
14.2, 14.2 and 14.3% Analysis purified 
64.5, 64.7, 64.7; 5.6, 5.8, 5.7; OCHs, 14.9, 14.9, 14.9%. 
for {1244]: 64.6, 5.8: OCHs, 15.0%. 

Alkali Lignin fine, light-browr powder, soluble dioxane, pyridine, 
alcohol, acetone, glycol monomethyl ether, glacial acetic acid and sodium 
hydroxide, but insoluble ether, petroleum ether, and benzene. 


Acetylation Alkali Lignin 

Alkali Lignin gm.) was dissolved cc. pyridine, and cc. 
acetic anhydride added. After had stood room temperature for hr. 
the solution was poured crushed ice. The precipitate was filtered off, 
washed with distilled water, and dried. Yield, 6.78 gm. The product was 
purified twice dissolving dioxane, centrifuging, filtering and precipitat- 
ing with ether. was washed with ether and petroleum ether, and dried. 
Found: 64.2, 63.8; 5.4, 5.6; OCHs, 12.2, 12.0; COCHs, 21.7, 22.2%. 
for [1538]: 63.2; 5.6; OCHs, 
12.1; COCHs, 19.6%. 

The acetylated Alkali Lignin light-brownish substance, insoluble 
ether, petroleum ether, carbon tetrachloride, alcohol, and water, and soluble 
dioxane, pyridine, acetone, chloroform, and acetate. 


Methylation with Diazomethane 

Alkali Lignin gm.) was dissolved cc. dioxane and methylated 
with the diazomethane prepared from cc. urethane. 
This methylation process was repeated until there was further increase 
methoxyl content. The product was twice purified precipitation 


After five precipitations with 
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the dioxane solution into ether. Found: 66.4, 66.6; 6.6, 6.9; 
OCHs, 22.2%. Calcd. for Ce1H46010(0CHs) 9 (OH),, [1286]: 65.3: H, 6.1 
21.7%. 

The methylated product light-yellow powder insoluble sodium 
hydroxide, ether and alcohol, slightly soluble acetone, and readily soluble 
dioxane, chloroform and pyridine. 


Acetylation Alkali Lignin Premethylated with Diazomethane 

portion (6.1 gm.) the premethylated Alkali Lignin 22.2%) 
was acetylated and purified the same way Alkali Lignin Found: 
for C6:1H46010(0CH3) 9(OCOCHS)4, [1454]: 64.4; 5.9; OCHs:, 
COCHs, 11.8%. 


Complete Methylation Alkali Lignin Deacetylation and Methylation 
Completely Acetylated Alkali Lignin 

Acetylated Alkali Lignin (4.0 gm.) was deacetylated and methylated 
described earlier paper 3.25 gm. 

After five methylations the methoxyl content was constant. The product 
was precipitated twice pouring the dioxane solution into dry ether. 
was washed with ether and petroleum ether, and dried constant weight. 
Yield, 2.2 gm. Found: 31.4, 31.4%. Remethylation with diazo- 
methane did not change the methoxyl content. 


Complete Deacetylation and Methylation Acetylated. 
Diazomethane-premethylated Alkali Lignin 
Acetylated, premethylated Alkali Lignin (3.0 gm.) was deacetylated and 
methylated the same way and subsequently treated with diazomethane. 


The analyses the product were constant after the second precipitation. 
Found: 66.7; 6.3; OCHs, 31.6, 31.5%. 


ALKALI LIGNIN 

and Purification Alkali Lignin 

Alkali Lignin was isolated from the dioxane-ether mother liquors Alkali 
Lignin adding the concentrated solution dropwise times the volume 
the ether-petroleum ether mixture (1:1). light-yellow flocculent pre- 
cipitate was obtained which was immediately washed with dry petroleum ether, 
and dried vacuum desiccator. The product was purified from dioxane and 
benzene. Found: 65.0, 65.0; 5.4, 5.5; OCHs, 14.1, 14.0%. Caled. 
for Co9H 69017(0CHs) [1996]: (Be 64.9; S24: OCHs, 14.0%. 


Acetylation Alkali Lignin 

Alkali Lignin (1.0 gm.) was acetylated and isolated the case 
acetylated Alkali Lignin The product was purified twice from dioxane 
and ether. Found: 63.8, 64.0; 5.5, 5.5; OCHs, 11.7, 11.7; COCHs, 
19.9, 19.2%. Calcd. for C 99H 69017(O0C Hs) 9(OCOCHs) [2458]: 63.53 
5.3; OCHs, 11.4; COCHs, 19.2%. 
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Methylation Alkali Lignin with Diazomethane 

Alkali Lignin gm.) was methylated with diazomethane. After 
five methylations there was further increase methoxyl value. The 
product was twice purified means dioxane and ether. Found: 66.3, 
66.1; 6.1, 6.1; OCHs, 24.8, 24.9%. Caled. for 
66.1; 5.9; OCHs, 25.0%. 


Acetylation Alkali Lignin Premethylated with Diazomethane 
Diazomethane-methylated Alkali Lignin (3.75 gm.) was acetylated 
above and purified from dioxane and ether. Yield, 3.90 gm. Found: 
65.8, 65.9; 5.6, 5.6; OCHs, 22.3, 22.3; COCHs, 8.4, 8.7%. Calcd. for 
[2234]: 65.8; H, OCHs, 23.6% COCHs:, 
5.8%. 
Complete Methylation Alkali Lignin 
Acetylated, Alkali Lignin (2.0 gm.) was 
deacetylated and methylated with dimethyl sulphate and sodium hydroxide, 
and purified the same way that described for Alkali Lignin Found: 
66.88, 66.84; 6.35, 6.17; 28.7, 28.9%. for 
[2150]: 66.4; 6.1 28.9%. 


Preparation PHENOL ALKALI LIGNIN 


Alkali Lignin gm.) was treated with phenol and hydrogen chloride 
described Buckland, Brauns, and Hibbert (3) for Freudenberg and 
Willstatter lignin. The product was purified twice from dioxane and ether. 
Found: 68.8, 68.7; 5.5, 5.4; OCHs, 12.9, 13.0, 12.9%. Calcd. for 
OH), [1414]: 67.0; 5.8; OCHs, 
13.1%. 

Acetylation 

Phenol Alkali Lignin gm.) was acetylated with pyridine and acetic 
anhydride and the product purified twice precipitation from dioxane 
solution ether. Yield, 6.7 gm. Found: 66.3, 66.4; 5.4, 5.5; 
OCHs, 10.3, 10.3: COCHs;, 21.9%. Calcd. for 
[1792]; 65.0; 5.6; OCHs, 10.4; 
21.5%. 


Methylation with Diazomethane 

Phenol Alkali Lignin (4.1 gm.) was methylated with diazomethane 
constant methoxyl content and purified from dioxane and ether. Yield, gm. 
Found: 68.7, 68.8; 6.0, 6.2; OCHs, 25.7, 25.6%. Calcd. for 
68.1; 6.3; OCHs, 24.8%. 


Acetylation Phenol Alkali Lignin Premethylated with Diazomethane 

portion gm.) the above product was acetylated with pyridine and 
acetic anhydride. Yield, gm. Found: 68.0, 68.2; 6.0, 6.1; OCHs, 
24.1, 23.9%. Calcd. for Ce: (CeHsOCHs), 
67.2; 6.1; OCHs, 22.9%. 
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Complete Methylation Phenol Alkali Lignin 

Acetylated Phenol Alkali Lignin (3.9 gm.) was deacetylated and methy- 
lated described for the fully methylated Alkali Lignin Yield, 2.3 gm. 
Found: 68.8, 68.4; 6.2, 5.9; 30.5, 30.4%. Calcd. for 
[1540]: 68.6; 6.5; 30.2%. 


Preparation p-Bromphenol Alkali Lignin 

Alkali Lignin gm.) was treated with p-bromphenol and hydrogen 
chloride and purified the same manner that described for the phenol 
for [1399]: OCHs, Br, 5.7%. The 
analytical data did not change after retreatment the product with 
p-bromphenol. 


Preparation Alkali Lignin 

Alkali Lignin (4.0 gm.) was phenolated with the same 
manner that described the case p-bromphenol. Yield, 4.1 gm. 
Found: 13.4, 13.4; Br, 6.0, 6.0%. Calcd. for 
[1399]: OCHs, 13.3; Br. 5.7%. 


Action Methyl Alcohol-Hydrogen Chloride Solution Alkali Lignin 
Alkali Lignin gm.) was dissolved cc. dioxane and the solution 
added dropwise 100 cc. anhydrous alcohol containing 
weight hydrogen chloride. The lignin precipitated out flocculent 
yellow precipitate which gradually redissolved form very dark colored 
solution. The alcoholic solution was sealed bomb tube and heated for 
hr. tilting oven The reaction mixture was filtered, the 
filtrate concentrated under diminished pressure about 100 cc. and the 
product precipitated adding the solution dropwise one litre distilled 
water. The brown flocculent precipitate was filtered and washed with water. 
was dried and purified dissolving dioxane and precipitating with 
ether. Found: 66.3, 66.6; 5.7, 5.7; 20.4%. Calcd. for 
s(OH)s, [1272] lot 6.0; OCHs, 19.6%. 


Methylation Methanol Alkali Lignin with Diazomethane 

portion (0.75 gm.) the above product was methylated with diazo- 
methane constant methoxyl value. The filtered solution was concen- 
trated and the product precipitated adding the solution dropwise ether. 
Remethylation did not increase the methoxyl content. Found: 67.2, 
6.1, 6.0; 28.6, Calcd. for 
[1328]: 66.0; 6.3; OCHs, 28.0%. 


Preparation Phenol Alkali Lignin 

Alkali Lignin gm.) was treated with phenol under the same conditions 
those used with Alkali Lignin the Phenol Alkali Lignin 
using dioxane and ether gave two products: ether-insoluble Phenol 
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Alkali Lignin (yield, 1.4 gm.), and ether-soluble derivative (yield, 
2.3 gm.). The ether-insoluble product was redissolved dioxane and 
precipitated with ether. Found: 68.1, 68.4; 5.6, 5.5; OCHs, 12.1, 
12.4%. Calcd. for. Co9H (CsH;OH)s, [2260]: 66. 8; 
5.4; OCHs, 12.4%. 

Thus prepared, the ether-insoluble Phenol Alkali Lignin finely divided 
dark brown powder, easily soluble sodium hydroxide, dioxane, glacial 
acetic acid, pyridine, and alcohol, and insoluble petroleum 
ether, benzene, chloroform and water. 


The ether-soluble Phenol Alkali Lignin was isolated the same manner 
ether-soluble Alkali Lignin The ether-dioxane mother liquor was 
filtered off and evaporated completely dryness under diminished pressure. 
The residue was dissolved about cc. dioxane and precipitated 
adding the solution dropwise 300 cc. dry benzene. brown flocculent 
precipitate was obtained which was washed with several portions petroleum 
ether, and then dried the usual manner. Found: 67.8, 68.4; 5.7, 
5.6; 11.4, 11.2%. for 
[2448]: 67.2; 5.6; OCHs, 11.4%. 


The pure, ether-soluble Alkali Lignin chocolate-brown powder soluble 
acetone, methyl alcohol and dioxane, and insoluble petroleum ether, 
benzene, chloroform water. 
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PRELIMINARY STUDY THE FRACTIONATION 
ISOTOPIC ISOMERS DISTILLATION! 


STEDMAN? 


Abstract 


Slight separations some isotopic isomers have been achieved equilibrium 
rectification. the case chlorine the total separation amounted 0.048 
atomic weight units; 28.6% the has also been removed from normal 
oxygen the fractionation water, and short run with liquid oxygen 
the normal concentration has been raised from 0.2% 0.25%. The 
last-mentioned separation can carried considerably further with present 
equipment. 

was synthesized. Its boiling point appears 0.5° lower than 
that methane. 

The vapor pressures 56.8% solution were measured, and 
suggested that the published values the vapor pressure temperatures 
lower than 40° may slightly too high. 

Experiments have been under way for two years with the object separ- 
ating isotopic isomers fractional distillation suitable liquids, and tests 
have far been made using carbon tetrachloride, dichloromethane, water 
and liquid oxygen. some partial separations have been achieved, seems 
desirable publish the present preliminary report. 

The fractionating columns used this work, which were originally developed 
for use with hydrocarbons, will shortly described detail. They have 
been calibrated very carefully with mixtures normal and cyclohexanes, 
and show, with various vapor velocities, from theoretical plates per 
foot height, although this factor probably varies not only with vapor 
velocity but quite appreciably with operating temperature and the type 
liquid being fractionated. The extent this variation, especially the last 
form, not present known. 

has been shown that with very wide variety isotopic isomers small 
boilirg point difference exists, giving general appreciable separations 
substances boiling low temperatures, and diminishing separaticn coefficients 
the boiling point experimental temperature becomes higher, and 
molecular weights complexity become greater. would appear that 
sufficiently minute examination would show some separation all such 
isomers even after ordinary distillation, and that the use rectifying columns 
approximately 400 theoretical plates should produce considerable separation 
quite number cases. 


Distillation Carbon Tetrachloride 


This substance should very suitable for fractionation the chlorine 
isotopes since the pure light, and pure heavy, molecules are quite symmetrical, 
and should therefore have boiling point lower than that the remainder. 
The heavy form however present only the extent 0.4%, and may 
consequently neglected this stage. 
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Several distillations carbon tetrachloride have been performed, using 
ft. column distilling rate cc. reflux per min. and removing 
product reflux ratio from 1500 3000, and found expected 
that light chlorine concentrates the start such distillation. The 
lightest chlorine far recovered this manner 0.042 atomic weight 
units lower than normal. 

plot arbitrary zero point the type result obtained, from 
distillation 2750 cc. carbon tetrachloride, given Fig. and might 
mentioned that cc. product represents about one theoretical plate 
separation, and that this curve covers run more than six weeks duration 
reflux ratio about 3000:1. The curve plotted the basis 
atomic weight chlorine determined density, assuming equal molecular 
volumes, and actually divided into two portions, that below cc., when 
lighter impurities are present the product, and from cc. up, when 
impurities remain. 

The freezing point, density, refractive index and boiling point samples 
were taken during the run, the freezing points being taken within 
densities within refractive indices within and boiling 
points within 0.01°, and was found that from cc. onwards only the 
density shows any variation, this continuing rise throughout the distillation. 

This particular distillation was stopped soon after this point, further 
separation was not being attained. The actual samples examined for 
atomic weight were obtained from 500 cc. distilled similar manner, 
distilling somewhat more slowly, this increases the effectiveness these 
columns, and taking the sample the initial cc. after hr. 
total reflux (this sample contained few cubic centimetres impurities, but 
they were not removed, was desired give opportunity for isotopic 
exchanges). The whole 500 cc. was then fractionated off reflux ratio 
2000 and the final cc. material. These were passed with 
steam and hydrogen through quartz-packed combustion tube 800° C., 
neutralized with sodium carbonate, recrystallized platinum, and com- 
pared with silver volumetric methods. weight burette was used for 
the main addition silver nitrate, and the utmost care exercised throughout. 
Checks agreeing within +0.002 units atomic weight were obtained. 
The two samples gave results —0.042 and +0.006 units, and during this 
run was observed that almost all the fractionation obtained during the 
first part the treatment; the removal light heads evidently leaves 
the residue slightly heavy, but the other isomers not fractionate appreciably 
amongst themselves. From the abruptness with which fractionation ceases, 
there almost suggestion that something working against ordinary, 
exponential, separation; thus the boiling points the heavy isomers may 
alternate with the alternation symmetry, the molecule containing two 
atoms each form chlorine may show enough symmetry boil 
slightly lower temperature than the totally unsymmetrical forms. 

From the separation achieved, and the effectiveness the column, the 
boiling point differences involved were calculated about 0.05° 
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fractions carbon Circles, values Lewis and MacDonald. 


Experiments Dichloromethane 


Dichloromethane (500 cc.) was distilléd similar manner, but very 
interesting results were obtained. The atomic weight remains normal 
within the accuracy experiment throughout the distillation, until near the 
end, when rises slightly. This curve resembles more the normal type, 
heavy ends should more readily separated than light heads. The final 
sample showed +0.023 units atomic weight chlorine. This distillation, 
since corresponds the normal exponential type, indicates excessively 
small difference boiling point, probably less than 0.01° 

previous attempt separation, which dichloromethane was distilled 
through plate column, has been reported Henriques and Cornish (1). 
From consideration their accuracy density measurement, they estimate 
that the boiling point difference for each substitution for cannot 
more than 0.005° They state however that with liquids differing 
boiling point 5°, the time required for equilibrium established 
hr. Now, inadequate column, giving relatively small separations, 
this enrichment period inversely proportional the difference boiling 
point, that for 0.005° this period 1000 days. They refluxed the 
dichloromethane for 117 hr., which only 1/205 the necessary time. 
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the factors involved shows that their estimate 0.005° 
must raised factor (205)! 14.3, giving figure 0.07°, which 
they would just fail detect 117 hr., and there are two substitutions 
possible the end members might differ much 0.14° boiling point, 
0.5% vapor pressure, and still have escaped recognition. 


Experiments the Distillation Water 


Many experimenters have reported changes the isotopic ratios hy- 
drogen and oxygen the distillation water, and appeared that very 
interesting concentrations could obtained fairly readily with the columns 
available here. was therefore decided test the boiling point differences 
and HDO, from the still head total reflux. 

The equation giving the time necessary remove one-half the impurity, 
assuming that the separation coefficient, approaches and that the column 
infinite, 

where the volume liquid retained the column per theoretical plate, 
the volume distilled per unit time, and 0.036 for water. 


further experiment was also made with the object determining the 
effective vapor pressure HDO, comparing the vapor pressure 6.68 
and 56.8% solutions with that ordinary water. These vapor 
pressures were measured differential tensimeter, after the water had 
been degassed thoroughly repeatedly freezing, evacuating and melting it. 
The vapor pressures were read differential mercury manometer with 
The boiling point the solution was also compared 
with that water higher temperatures means pair boiling point 
stills, using double vapor-jacketed thermometers, and differential thermo- 
couple sensitive degrees. 

temperatures higher than 40° C., the mixture rule evidently 
without regard the formation HDO, the vapor pressure differences 
can predicted calculation from the results Lewis and MacDonald (4), 
assuming the mixture rule. lower temperatures discrepancy appears, 
but assumed that the mixture rule still valid and the vapor pressure 
pure calculated from the present values, the results give smooth 
curve without inflection plotted log log against 1/T 
the usual manner, while the published values give curve with inflection. 
therefore suggested that with the very small samples originally used 
for these measurements, somewhat inadequate degassing procedure was 
used, resulting small increment gas pressure with the This 
would important only low temperatures. 

Measurements were made from (owing supercooling the 
solution rarely froze), and these vapor pressures extrapolated from 56.8% 
pure shown Fig. extrapolation procedure may give 
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erroneous results, may possibly the mixture rule that fails these 
temperatures, but the smooth curve obtained very suggestive. This point 
evidently should checked more closely, preferably fairly large sample 
pure 

recent attempt has been reported Wahl and Urey (7) determine 
the effective vapor pressure HDO, using the distillation separation coefficient 
from H.O, but one serious drawback the method used the fact that 
equilibrium established very slowly across liquid-vapor interface, 
other words, the liquid superheats. From superheated surfaces there 
always diffusion separation, added equilibrium fractionation, and this 
method has the past been used very successfully achieve partial separa- 
tion several cases where equilibrium fractionation certainly 
sponsible for the result. Now, the case HDO, the diffusion 
cient vacuum 1.027, and for 1.054. 

Their statement regarding pressure control would suggest that mm. 
pressure variation had particular effect, and this, combined with the 
statement that heating was adjusted ‘‘so that evaporation took place fast 
possible without would suggest that the amount superheating 
the liquid was considerable, these conditions are those that cause the 
maximum superheating. 

all probability the major portion the separation coefficient observed 
for due this cause, and the separation coefficient for deuterium 
somewhat high for the same reason. The very great increase the value 
for reduced temperatures also bears out the suggestion 
that superheating was very serious; thus from their figures, reduction from 
23° 11° adds 50% the separation coefficient, exceedingly unlikely 
contribution, while just this temperature range that superheating 
will become very serious. 

result the fact that temperatures higher than 40° the 
mixture rule obeyed for solutions seems essential 
assume that the normal boiling point HDO 100.71° C., and should 
therefore 1.0256 100° Although the fractionating columns have 
not been calibrated with water, all probability they should contain about 
water per theoretical plate; water was distilled cc. per min., 
and therefore from the above equation min., and this 
time should inversely proportional the square boiling point 
differences for the various heavy constituents. 

order determine the boiling point differences effective water 
direct experiment, 2000 cc. water was refluxed ft. column, starting 
with the column 100° avoid initial reflux. Samples were taken 
various times during days, and their densities determined, but instead 
the type result expected the density simply dropped slowly for about 
seven days, reaching about p.p.m. difference. Owing, however, the 
fact that these columns contain very little liquid, quite small samples must 
taken cc.); the purification this presents quite serious problem, 
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and the densities measured were therefore not perfectly satisfactory deciding 
the characteristics dilute solutions HDO. sample 
oxygen prepared from the lightest water was, however, sent Dr. 
Bleakney Princeton University, who kindly tested the ratio. 
reported change from the normal 500 680 (+10), removal 
26.5% the original O'8, which all probability combined with the 
removal 13.25% the this will naturally twice difficult 
separate. the basis 2400 for water made from oxygen this 
composition would give density difference accounted for and p.p.m. 
for and respectively, p.p.m. altogether. 

Another experiment was therefore carried out which 7300 cc. water 
was distilled with the ft. column, reflux ratio this being 
twice that theoretically necessary with infinite column for complete 
separation HDO its effective boiling point difference 0.71° (4), 
and should therefore permit almost maximum separation with finite column. 

The results are given Table and are comparable p.p.m., and 
show the densities samples after removing various volumes product, the 
drop density the last two samples being evidently due the method 
collection—by circulating air through the condenser and finally the column 
and still pot. 


TABLE 
DENSITIES FINAL FRACTIONS WATER 
5455 6305 6855 7126 7274 7291 7308 
P.p.m. +26.4 +27.6 +71.6 +69.2 +63.8 


The effects expected from this distillation were calculated before the 
experiment, and should have given the final cc. density rise over 
2500 p.p.m. due deuterium alone. Undoubtedly most the p.p.m. 
can accounted for mass-spectrographic estimation oxygen isotopes, 
has been demonstrated that the column separates these predictable, 
although slow, manner. 

Another experiment was then carried out which water 
reflux ratio 1500 :1, and the density the last 500 cc. taken. was 
however only 17.8 p.p.m. heavy. This again can accounted for the 
basis oxygen isotope separation; even were entirely due deuterium, 
50% loss indicated. This loss would certainly not occur the effective 
boiling point HDO were 0.7° high. 

evident that the distillation characteristics dilute solutions 
are not predictable the basis present knowledge the vapor pressures 
the pure substances, although deviation from the ideal seems improbable. 

might also mentioned that test was also carried out under vacuum 
cm. mercury total reflux. Unfortunately very slight leak per- 
sisted, and month was needed establish equilibrium, the ieak reduced the 
efficiency much that the final sample, also examined Dr. Bleakney, 
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was almost identical with the similar sample obtained eight days at- 
mospheric pressure. Calculations made the basis the known rate 
leak, indicated that this experiment, repeated, could used provide 
water containing only 30% the normal but only about cc. could 
removed per week. This would undoubtedly have been attempted 
except for the fact that better method accomplishing the same end has 
been devised and now being persued, although these experiments have 
made available quite appreciable quantities water with definite separation 
the oxygen isotopes. the near future intended attempt identify 
some the and lines the other suitable oxygen spectrum, 
they might offer rapid, somewhat approximate, analytical method. 

might mentioned however that the rate separation, and total 
separation obtained for both indicate boiling point difference 
only 0.04° C., 0.14% vapor pressure, contrast with more than 
double this value suggested Wahl and Urey (7). 

Experiments with Methane 

order test possible cheap source large amounts deuterium, 
56.8% purity was synthesized and the boiling point this gas 
determined Podbielniak distillation apparatus. was found 
0.3° lower than that the ordinary gas, assuming ideal solution, 
certainly valid this case, owing the lack polarity, the pure gas would 
boil temperature lower 0.5°. This corresponds higher vapor 
pressure, which would indicate fairly readily separable mixture. Thus, 
suggested that almost unlimited quantity methane under pressures 
high 1800 Ib. per sq. in., such that existing certain oil fields, e.g., 
the Turner Valley, Alberta, should provide fairly cheap source deuterium, 
this pressure were utilized liquefy and fractionate the gas means 
heat exchanger and fractionating column similar liquid air fractionating 
machine. Such handle 1,000,000 cu. ft. free methane per 
day, would have about ft. indiameter and ft. high, and would, with 
50% yield, produce two litres per day, virtually without labor power 
costs. intended test this separation soon suitable column can 
spared from the work oxygen distillation. 


Experiments with Oxygen 

water were distilled for the purpose separating oxygen isotopes, 
the most economical procedure would increase the height the present 
column about ft. and decrease the reflux rate about cc. per min. 
long time would required for the construction such acolumn. very 
long time would necessary for equilibrium established, and although 
the column would provide small supply almost pure the rate accu- 
mulation would very was therefore decided reconstruct 
the apparatus for the distillation liquid oxygen directly, analogy 
with the enormous separation coefficient De, and the effect tem- 
perature the vapor pressures etc., would appear that 
simple molecules and low temperatures are favorable for such separations. 
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Two recent notes Klar and Kraus (3), and Smith (5), show such separa- 
tion feasible. The results Klar and Kraus show very large separa- 
tion coefficients, but suffer from the drawback that the oxygen entering 
the liquefier must have been seriously abnormal, the totals are far from 
balancing. Smith, however, suggests smaller variations, and although 
data are given checking the balance such separations, the figures given 
seem about the order that might expected. 

Thus, the use these figures and the estimation that the oxygen contained 
0.5% nitrogen, suggests that the vapor pressure about 1.5% less 
than that and that therefore and should separated readily 
these columns. 


ft. column was therefore provided with wrapping aluminium foil, 
and vacuum jacket, and liquid air was used the condenser. Although 
all the experimental difficulties are not yet solved, some interesting results 
are being obtained. Thus the latest run, hr. operation the last six 
were under complete control reflux, and sample taken from the pot after 
this time, and examined Dr. Bleakney, shows 25% separation, the ratio 
being only 400 (+2) instead the usual 500. 

The amount liquid the pot can estimated only, but was probably 
the neighborhood cc. cu. ft. gas used for each run), that 
about 0.025 cc. liquid concentrated six hours, 0.1 cc. per day. 
contrast with this the change 17.8 p.p.m. density the still pot 
during days distillation water; the pot then contained 500 cc. water 
this corresponds the collection only 0.08 cc. days. 

Only heavy samples oxygen have been collected satisfactory con- 
dition, unfortunately the still got out control before light samples could 
collected. light samples had been obtained suitable condition 
there seems little doubt that very substantial removal would have 
been shown, and therefore hoped that separation these important iso- 
topes may prove feasible without requiring the electrolysis the ocean (2). 
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